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The Sad Story of Sawdust 


UDGE our delight on hearing over the 
radio a few weeks ago that the Govern- 
ment was concerned over the use of waste 
sawdust in the wood-working industries 
and had intimated that any new ideas 
would be gratefully received. 


That the 
Government should unbend that much is 
a sign of the times, but it did not hint that 
a prize might be awarded for the best 
suggestions nor that the problem is worthy 
of examination in a systematic way, with 
ample funds behind it. 

We do not suggest that the problem can 
be solved economically and to the satis- 
faction of everybody. It is a big problem 
and has been already tackled by a vast 
number of persons, with some fairly good 
tesults and many bad ones. Almost 
everybody who visits a large wood- 
working factory goes away with the newly 
found secret that here is an enormous 
waste that is present in every one of the 
hundreds of similar factories, that can 
be bought for nothing, or next to nothing, 
and turned into some miraculous article 
of universal use. After a short secret 
session with themselves, they turn up at 
this office and pour out their hearts. For 
plastics is so obviously the best outlet! 
Let us first discuss some of the uses to 
Which sawdust has been put during the 
past thousand years. 

Ever since Nebuchadnezzar carried out 


his researches on the value of grass as a 
food, men have tried to put across the 
idea that cellulose in all forms should be 
assimilable. If cabbage and celery, which 
contain quantities of cellulose, can be 
taken in by the stomach, why not grass, 
and, in fact, why not sawdust? The 
reason is that in the normal vegetables 
the cellulose is probably in a different 
physical condition. They also contain 
more of other foods which can be digested 
by the gastric juices. No doubt, if saw- 
dust were first boiled for a week with an 
acid, we might get a food, albeit an 
expensive one. 

Those who have been able successfully 
to turn sawdust into foods belong to a 
different category. For example, “‘the 
wicked grocer’’ has been in existence for 
a long time and, as G. K. Chesterton tells 
us: 

He sells us sands of Araby 

As sugar for cash down; 

He sweeps his shop and sells the dust 

The purest salt in town. 


If we jump to really modern times, we 
also find that considerable research has 
gone into the use of sawdust as a food. 
On April 28 in this happy year of 1942 we 
find an interesting note in the “‘ Evening 
Standard.’’. A concern selling vegetable 
by-products has been fined for selling saw- 
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dust which was described as a scientific- the production of wood-pulp for paper, metho 
ally prepared poultry food. The County rayon, and cellulosic material generally, } jt mig 
Analyst said the preparation was pure but the very fact that it is fairly small hand, 
sawdust and had no food valueatall. We in mesh means that new type of plant to ma 
need not comment upon this’ except to must be utilized. Also, the composition ordina 
say that, in Samuel Butler’s ‘‘ Erewhon,’’ of sawdust is generally indeterminate, mould 
the directors would have been made to eat since it is a mixture of several woods, succes 
not only their words but also their pro- and treatment would need to be altered they h 
duct, in order to confirm their theories. accordingly. We may take it that Saw 


7 : ‘ paper makers have long considered saw- asa fill 
Practical and Impracticable Suggestions duet da: doar wantetial and have Gaal ie ate 
To talk of more serious suggestions, it wanting in so far as it disturbs the Obv 
some of the following are practical, in that normal processes. experi 
they have been attempted, although not (c) Production of sugar. The treatment | wider 
necessarily with what are known normaily of wood with hydrochloric acid has been | above 
as economically sound results; others carried out in Germany with a certain { dolls < 
are merely theoretical. : amount of success. The predominant difficu 
First. Sawdust obviously has potential sugar produced is glucose. Doubtless, | sive c 
uses as a fuel. Its calorific value is low sawdust could be used. The plant those « 
but some use of it is made mixed with employed is expensive from the replace- | costs ¢ 
coal under boilers in the factories produc- ment point of view, owing to excessive } dealin 
ing it. Generally, the boiler-man considers corrosion and real figures of the eco- } plant. 
it a nuisance, not worth the using, and nomic value of the process have not An 


a factory hazard. At some future date an 


: : been published. It was, however, a treatm 
efficient blower-burner may be designed, 


fine achievement from the chemical and Minist 


but poor flow is a deterrent. In countries chemical engineering point of view. farmer 
poor in coal and rich in wood, some efforts (d) Chemically many other processes | feedin 
have been made to produce solid fuels are possible, and we may yet see a J (work 
from sawdust by mixing with small quan- process of producing, say, cheap cellu- ) treatm 
tities of asphalt, coal tar and other binders lose acetate, with, for example, no lowed 
and_ briquetting. An American concern regard for colour or clarity, or new change 
has suggested binding sawdust with resin fermentation processes for the breaking | remov 
and extruding under pressure into blocks down of sawdust for chemical manu- | starch 
for sale as household fuel. facture. Oxalic acid has been made for | juices. 
Secondly. Chemical products, etc. many years by the treatment of saw- have 
(a) Combustion methods. By heating dust with concentrated caustic soda. treate; 
sawdust in the absence of air, the same Thirdly, we have the use of sawdust as is not 


chemicals are obtained as by normal  4q filler. We are generally asked why saw- 
wood-distillation methods; that is, wood dust cannot be used instead of the special M . 
alcohol (methyl alcohol, from which wood flour used in making moulding a) 
formaldehyde can be made), acetic powders. It can, of course, but the dis- N: 
acid, acetone, and a type of charcoal. advantages are that it would have to be O 

We remember examining, some 10 years _reground to a fairly constant mesh, that | pefore 
ago, a special retort installed for the Jarge quantities of sawdust gathered ata ] the py, 
purpose in a wood-working factory in large works would necessarily be a mix- in bro 


du 


Swinton, near Manchester; it worked ture of different woods—some hard, some he cal 
quite satisfactorily. In addition to the  soft—giving uneven flow, etc., and, good 
above chemicals, iron acetate for the finally, of poor colour. The high-grade Apart 


local textile industry was produced and flours on the market have resulted from | the jn 
the uncondensed gases were returned considerable research. Obviously, for — 
to the retort. certain purposes, neither poor flow Of J speci 
(b)’ Theoretically, sawdust can be poor resultant colour would matter much. when 
utilized in the same way as wood for For cheap, structural materials utilizing was in 
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methods different from normal moulding, 
it might prove of value. On the other 
hand, the attempts by so-called inventors 
to make cheap moulding powders with 
ordinary sawdust and to emulate good 
mouldings have not been crowned with 
success. Results have been cheap, but 
they have also been nasty. 

Sawdust has also been used with success 
asa filler for rubber in rubber floorings and 
as an insulating material for hollow walls. 

Obviously, there is plenty of room for 
experiment, and the possibilities are much 
wider than the applications indicated 
above (which also include the stuffing of 
dolls and the curing of kippers), but the 
difficulties are great in a small and expen- 
sive country like Great Britain. Among 
those difficulties not the least are transport 
costs of a bulky material, rent of land for 
dealing with a bulky material, and large 
plant. 

An interesting sidelight on cellulose 
treatment is the recent offer by the 
Ministry of Agriculture to provide 
farmers with plant,to convert straw into 
feeding stuffs for cattle. The process 
(worked out by I.C.I., Ltd.), is a simple 
treatment with dilute caustic soda fol- 
lowed by washing. The effect is not to 
change cellulose to sugar, but merely to 
tremove or loosen the lignin and make 
starches readily available to the stomach 
juices. We mention this because we 
have been asked if sawdust could be 
treated for the purpose. Obviously this 
Is not so. 


Major Mohr’s Talk 


2 another page in this issue we repro- 

duce extracts from Major Mohr'’s talk 
before a recent meeting of the Institute of 
the Plastics Industry. In it he reviewed 
in broad outline the Plastics Family, as 
he calls it, dividing it with considerable 
good humour into males and females. 
Apart from a technical consideration of 
the industry he made some interesting 
remarks on internal organization with 
Special reference to ‘‘ the bad old days’’ 
when an orgy of senseless price cutting 
was indulged in. 
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He suggested that in any attempt to 
stabilize or rationalize prices the follow- 
ing principles should be aimed at:— 

1. The payment of fair and reason- 
able wages to staff and workpeople. 

2. The provision of satisfactory 
working conditions with such amenities 
to employees as they are reasonably 
entitled to expect, or, in other words, 
the steady elevation of human and cul- 
tural values. 

3. Equitable return in the form of 
dividends or profits to shareholders or 
proprietors of businesses. 

4. Proper and adequate maintenance 
of plant and buildings. 

5. The building up of reserves for 
future developments. 

6. The institution and encourage- 
ment of industrial research to an extent 
commensurate with the size of each 
undertaking. 


Provided all of these conditions are 
conscientiously complied with and the 
temptation to snatch business for the 
sake of getting orders at any old price is 
strenuously resisted, there- would be no 
return to the chaos and distress through- 
out certain branches of the industry. 

He concluded his remarks as follows :— 
‘“The future of the Industry, which I 
believe to be unlimited in its scope, will 
be entrusted into the hands of many of 
you young engineers and chemists long 
after the majority of we older men have 
taken our final departure and lie dead 
and buried in our plastics coffins. See 
to it, therefore, that the trust we are 
handing over to you is not misplaced, but 
that you make full use of the tremendous 
opportunities before you.”’ 


The Case for Carbide 


LA letter to the Editor from Dr. Harry 
Barron. ] 

Your strictures on our weary legislators 
(the same now as then) regarding carbide 
are well merited. But the root cause, in 
my opinion, was not so much the pressure 
of the racketeers (heavy as always), but 
chiefly sheer ignorance. Lack of any tech- 
nical representation, as in many other vital 
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activities, made it certain that Parliament 
could not- possibly appreciate the signifi- 
cance of a carbide industry. Your leading 
article on the subject so clearly brings out 
the importance of carbide that even the 
dumbest M.P. cannot fail to be impressed. 

By a strange coincidence, I was able 
recently to talk about the subject over the 
radio. The implications of the rubber posi- 
tion are now so clear that my talk on 
‘‘Converting Acetylene into Synthetic 
Rubber ’’ was regarded as being very 
a propos. 

In this talk I described how carbide was 
made. I went on “‘ We have always had the 
wrong idea about carbide in this country. 
Neatly everybody knows it only as being 
used in cycle lamps .. .’’ Following with 
some general points about the possibilities 
of acetylene along similar lines to your 
article, I led into a description of its 
use in the production of synthetic rubber. 
‘dt has taken many years and much effort 
to learn how to convert acetylene into syn- 
thetic rubber. It is an amazing metamor- 
phosis, a masterpiece of the chemist’s 
work.” 1 then described the production 
of butadiene and its polymerization into a 
synthetic rubber, probably one of the 
toughest broadcasts ever attempted! You 
will probably agree with my concluding 
paragraph: ‘‘ I have no doubt that in course 
of time synthetic rubber production will be 
very much simplified and the product will 
become much cheaper. One has also to 
reckon with new and unexpected dis- 
coveries.”’ 

Your editorial put the subject into its 
true -perspective. The point you made 
about the importance of carbide from the 
angle of insurance intrigued me. As long 
ago as October 27, 1936, in the ‘‘ Evening 
Standard,’’ on the page that used to be 
adorned by Mr. Winston Churchill, Dean 
Inge, and sundry other rebellious spirits, I 
had the privilege of contributing an article 
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entitled: ‘‘ Rubber From Gas.’’ The dis- 
played point to which notice was drawn, 
was my comment “‘ As a form of long-term 
insurance it would be well worth the while 
of the Government to take an interest in 
the production of synthetic rubber ’’! On 
November 23, 1936, in the same paper, I 
was allowed to develop my ideas for a car- 
bide industry in South Wales, then a 
‘distressed area.’’ I detailed all the 
important aspects and laid particular stress 
on the vinyl resins: ‘‘ The vinyl resins 
obtained from acetylene will in the near 
future assume an industrial importance 
which at present it is not possible to 
estimate.”’ 

Since that time I have made every effort 
in my writings in every conceivable 
medium to bring these facts home, more so 
since my everyday production work merely 
confirmed these opinions. But in this 
country we are obsessed with the principle 
laid down by a politician—the inevitability 
of gradualness. And so when, by the grace 
of God, the turn of the wheel eliminated 
natural rubber, everybody became conscious 
of synthetic rubber—and carbide. And all 
the wiseacres in the land are busily engaged 
in eating their words and jumping on the 
carbide ‘‘ bandwagon.’’. 

The period of gestation in producing this 
colt ’’’ (for, as you say, there has never 
yet been any horse to flog) has been terribly 
prolonged. But surely in the light of your 
cogent exposition it must come soon, 
HARRY BARRON. 


“ce 





Save Paper and Bones 

The country has done remarkably well in 
salvage generally, although there are still 
great quantities of both paper and _ bones 
that are thrown away and which could be 
made into ammunition containers, fuse- 
boxes, fertilizers, glue and the dozen and 
one other items which help the war effort. 
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PLASTICS : Their Origin and Formation 


3.—CELLULOSE PLASTICS 


rapes aa the main constituent of plant life in its wide variety of forms, has 
iong been used as a source of plastics, textile fibres and lacquers. Obviously 
the purest form of cellulose, that is cotton, was the earliest employed, but wood 
is used for some cellulose acetate and is solely used for viscose manufacture. It 
will be seen that celluloid (cellulose nitrate) and cellulose acetate, which resemble 
one another closely, are made in® transparent or opaque sheets, rods, and tubes, 
from which the finished shapes are machined. In addition, cellulose acetate 
is ground to powder for moulding. Viscose film refers to wrapping film, e.g., 
‘““Cellophane.’’ The cellulose plastics are heat-softening or thermoplastic. 


CELLULOSE 
i 
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WOOD PULP : COTTON LINTERS 


Soda | Treatment Acetic Acid & Anhydride 
Nitric & Sulphuric Acid 





Alkali Cellulose Shreds Cellulose Nitrate Shreds 





| Cellulose Acetate 
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& dried ; washed & dried 
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Dissolved in Acetone 
ORYING OVEN DRYING OVEN ‘ 
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MIXING MACHINE MIXING MACHINE 
FILTER PRESS 
Syrup | 
h 
Seg ag Secondary Mixing & Rolling Pressing, | Cutting, Extrusion, etc. 
Pressing, Cutting, » Extrusion, etc. 


OC) () VISCOSE FIBRE 
(*) (Rayon) 
CELLULOID SHEET CELLULOSE ACETATE 


TRANSPARENT VISCOSE FILM Tube & Rod Sheet, Tube & Rod 


Uses.—Celluloid: Film, combs, dolls, fountain pens, leather-like cloth, handles, etc. 
Cellulose Acetate: Organic glass, toys, fancy goods, electrical goods, dolls, etc. 


Properties: 
Celluloid. Cellulose Acetate. 
Inflammable. Non-inflammable. 
Tensile strength jaa Sa 24-5 tons/sq. in. 24-6 tons/sq. in. 
Water absorption (24 hours) ).6-2 per cent. 1.0,-3.0 per cent. 


Trade Names.—Celluloid: Xylonite (British); Nixonoid, Pyralin (U.S.A:). Cellulose 
Acetate: Bexoid, Cellomold, Erinofort (British); Lumarith, Plastacele, Tenite 
(U.S.A.). 
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The Plastics Industry 


By MAJOR S. M. MOHR 


At a luncheon meeting held in London on April 
15, Major"Mohr, of Micanite and Insulators, Ltd., 
read a paper on the above subject to the Insti- 
tute of the Plastics Industry. We have pleasure 
in publishing herewith abstracts taken from it. 


MAJOR MOHR opened his talk by 
referring to the rapid strides made 
by our new industry during the 
past 20 years. To-day it is established 
upon sound and solid foundations with 
ramifications in many directions, and is 
recognized as a definite and definable 
entity already occupying a position com- 
mensurate with other great industries. 
To take care of this new and virile 
industry two organizations have come into 
existence—the Institute of the Plastics 
Industry and the British Plastics Federa- 
tion, the former to provide a central body 
for individual members in the professional 
sense, and the latter to safeguard and co- 
ordinate interests of manufacturers. 


The Institute and the Federation 

The Institute was formed im the year 
1931 with the object of promoting the 
cause of plastics and allied industries by 
bringing together all those interested and 
providing means of technical intercourse 
yetween persons engaged directly or 
ndirectly in plastics. Membership of the 
{nstitute at the end of the first year 
amounted to 101 which has now risen to 
over 400. The institute sponsors an edu- 
cation. scheme under which evening 
classes are held at various institutes in 
London, Birmingham. and Manchester, 
with annual examinations made by the 
City and Guilds of London Institute, as 
well as a pupil apprenticeship scheme 
particularly designed to encourage youths 
to enter the industry and undertake a 
systematic course of practical training 
supplemented by appropriate technical 
education. A benevolent fund has been 
established, contributions to which,are 
purely voluntary. 





The Federation first saw the light of 
day in 1933, when 20 far-sighted busi. 
ness men representing divers manufactur- 
ing interests, banded themselves together 
and drew up the original articles of 
association. Since that time the Federa- 
tion has grown from strength to strength 
and has recently found it desirable to 
acquire more commodious headquarterts 
so as to accommodate its rapidly increas- 
ing membership of nearly 200 firms. 

One of the most noteworthy achieve- 
ments of the Federation has been to estab- 
lish close. relations through its various 
technical committees with Government 
Departments responsible for production 
and supply as well as with all three of the 
Fighting Services. 

As a rough estimate it is probably no 
exaggeration to assess the number of 
people employed either directly or 
indirectly in the plastics industry of this 
country at rather more than 50,000, 
involving a capital investment of several 
millions of pounds, and it may not be 
inappropriate, therefore, to include in this 
survey some notes on the various types 
of material which they produce. 


The Plastic Family 


In his more pessimistic moments the 
speaker was inclined to think that the 
industry in which we are interested has 
been rather bady treated.. The family 
name—Plastic—used to have a habit of 
recoiling on those of us who deal with 
thermosetting resins, and the lack of suc- 
cinct definition made one appear hesitant 
and, therefore, guilty, when dealing with 
the situation. 

Of our children, ‘‘Laminated”’ is 
doubly unfortunate, for to be told that 
one’s product was plastic and did 
laminate was very trying to one’s self- 
control. However, the older children 
have grown out of their teething troubles, 
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and additions to the family still occur 
with sufficient regularity to necessitate 
taking stock from time to time in order 
to keep in touch with them all. On this 
occasion it must necessarily be brief. 


The Thermoplastics 


In our survey, mention should appro- 
priately be made first of the girls—the 
thermoplastics. As in all large families, 
one tends to become forgetful of birthdays, 
but probably the oldest daughter is bitu- 
minous, and known to you by several 
nicknames. She stil] has a considerable, 
though perhaps reduced, following, owing 
to the ease with which she can be cold 
moulded. Her taste is, I should say, 
mainly electrical. Another of the not-so- 
young is casein. 

The cellulose group is flourishing, and 
the later additions, consisting of the mixed 
esters, are receiving attention, particu- 
larly in the electrical field. They gener- 
ally possess low moisture absorption and 
are also modern in being tough. 

The newer thermoplastics have some 
interesting properties. We had a good 
report recently about nylon from Dr. 
Whitby, and indeed this is a remarkable 
infant. It is being produced chiefly as a 
thread of fibre, and long-life toothbrushes 
with nylon in place of bristles are a 
familiar feature in our shops to those still 
interested in such articles. 

It is fortunate that quite a number of 
these youngsters have characteristics fit- 


| ting them for electrical applications as 


well as the more decorative spheres. This 
creates a demand at the present time 
which should help to reduce their cost in 
the future. Polystyrene has a very low 
electric power loss factor at all fre- 
quencies, and is being used for high- 
frequency insulation in many applications. 
Its light weight is also a valuable factor. 
The polyvinyl chlorides and acetates, and 
polythene, are not greatly inferior as 
insulation, and in addition to other forms 
are used as a covering for wires and 
cables. Methyl methacrylate, generally 
known as ‘‘Perspex,”’ apart from its 
msulating properties, has optical char- 
acteristics of a high order. 


PLASTICS 


125 


Major Mohr is not sure whether aniline 
formaldehyde resin should be classed 
as thermoplastic, or be given a 
piace between the thermoplastic and 
thermosetting resins. It is used exten- 
sively in the moulded and laminated 
forms for high-voltage electrical purposes. 


The Thermosetting Resins 

Turning to the sterner sex, the thermo- 
setting plastics have not been so fruitful. 
As a generalization, it would be true to 
say that this group is distinguished from 
the thermoplastic by the inclusion of 
some form of filler or base. 

A promising child is melamine 
formaldehyde, with characteristics similar 
to urea formaldehyde, but with better heat 
and moisture resistance. 

The present trend, particularly with 
phenol-formaldehyde plastics, is to 
improve the mechanical properties. 
Mouldings are made with flock, fibre, or 
chopped fabric fillers, and/or with shaped 
pieces cut from impregnated sheet 
material. This latter type can have a 
mechanical strength approaching that of 
a laminated plastic sheet. The relative 
shortage of metals is having a marked 
influence both on materials and their 
application, so that the term “‘ substitu- 
tion’’ is often a misnomer. 


Laminated Forms 

A resin consisting of a combination of a 
phenol-formaldehyde resin and rubber has 
recently been developed which, when 
made into a laminated plastic sheet, can 
be formed or -moulded by subsequent 
heating operations using comparatively 
simple tools. Drawing and pressing 
methods are possible. 

With laminated plastic sheet, fillers 
from glass and asbestos to paper, cotton 
fabric and wood are in use. As an indica- 
tion of what has been achieved, tensile 
strengths as high as 40,000 lb. per 
sq. in. have been obtained with 
wood, paper, and straight fibre bases, and 
23,000 Ib. per sq. in. with cotton fabric. 

In the form of treated cloth, paper or 
other base wound into tubes, these 
laminated plastics have some special uses. 
They range in size from about } in. 
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up to 5 or even 6 ft. in diameter, and 
in length from a fraction of an inch to 
9 or 10 ft. I am not able to reveal some 
of the present applications, but I 
would like to mention that the National 
Electricity Grid system, which proved its 
worth in-the dark days of the autumn and 
winter of 194}, has in service a very large 
number of high-voltage insulators made 
from synthetic resin-bonded paper. 
Machines are in existence in this country 
to manufacture extra-high-voltage insu- 
lators up to over 20 ft. in length. 

Industry offers many opportunities for 
the use of phenol-formaldehyde laminated 
plastics. Bearings, pinions, cams, jigs 
and assembly fixtures, telescopic aerial 
masts, central mine tubes, pigeon con- 
tainers, are all recent applications. 

Cast resins, formed without pressure, 
are finding war-time uses, and here also 
the experience gained should prove useful 
when more normal conditions return. 


Indetetminate Types 

To complete the family, I would men- 
tion one or two children whose parentage 
is somewhat doubtful. We have all heard 
something about the “‘plastic’’ aero- 
plane. The various parts are apparently 
to be made of wood veneers bound with 
a plastic, formed, and moulded to shape. 

A quite elderly, but still robust, off- 
spring is Micanite, consisting of mica 
lamine or splittings bonded with. shellac. 
It is used in a variety of moulded forms 
and sheets for the insulation of electrical 
machines. 

There is also a combination of glass 
and mica which is manufactured under 
the trade name of Micalex. Its applica- 
tions are mainly electrical, where its 
resistance to heat and good insulating 
properties offset its rather high density. 

Recent events have brought into 
prominence the so-called  synthetit 
rubbers. One of their chief characteristics 
is their resistance to oils, even when hot, 
and on account of this their use was 
extending before the war. Productive 

“capacity is likely to be increased rapidly 
now and this should eventually have an 
effect on their cost. 





Research in Moulding 


One economy looked for in the use of 
many forms of plastics is the elimination 
of machining by fabrication of the fin- 
ished article on a quantity basis. This 
implies some form of moulding, either 
compression, injection, extrusion, casting, 
or blowing. Attention is being given to 
reducing the cost of moulds for compres- 
sion moulding, and metals or alloys other 
than steel are being tried in the form of 
castings providing greater ease of machin- 
ing or the minimum of finishing. In the 
case of comparatively shallow mouldings, 
a thick heat-resisting rubber bolster can 
be used to apply the forming pressure. 
Sprayed metal as a surface finish for non- 
metallic moulds is another possibility. 

A welding process has been developed 
which will facilitate the fabrication of 
components from simple shapes such as 
tubes, rods and sheet. It is at present 
most successful with the thermoplastics, 
and should be particularly useful for 
those plastics not soluble in the ordinary 
industrial solvents. 

The joining together of parts otherwise 
requires an adhesive. A number of the 
synthetic resins or plastics are available 
in liquid form or dissolved in solvents, 
and can be used for the purpose. The 
latter type has the disadvantage that the 
solvent. must be eliminated. Where heat 
and pressure can be applied phenol- 
formaldehyde cements will produce 4 
good bond, providing the surfaces art 
suitably treated. A recent addition ‘to 
these is Ardux, which will produce 4 
sound joint with a shorter baking time 
and less care in the preparation of the 
surface. Cold-setting urea-formaldehyde 
and phenol-formaldehyde cements give 
joints somewhat lower in strength. 

A useful dry bonding medium consists 
of a thin paper impregnated with a phenol 
formaldehyde resin. “The characteristics 
are such that wood veneers can be made 
up with a technique differing little from 
that of ordinary plywood manufacture, 
and the resulting product is greatly 
superior. It can be used for making 
structures of special section to give a low 
strength /weight ratio. 


~~ 
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ACRYLIC RESINS—as Industrial 


Finishes 


By H. K. WOOD 


URING recent years considerable 

attention has been devoted to the use 
of acrylic resins for various kinds of 
industrial finishes, particularly where the 
following properties are specified :— 

(1) Permanence, clarity and _trans- 
parency. This is partivularly important 
where top finishes are needed in the 
motorcar industry, also for the final treat- 
ment of chromium and _ stainless steel 
shop fronts, copper screens, _ silver 
trophies and other types of metal work. 
Incidentally, highly transparent acrylic 
resin solutions are being used in lamp- 
shade manufacture and for the preserva- 
tion of drawings and other perishable 
objects of art. 

(2) Resistance to water, alcohol, 
petroleum and coal tar hydrocarbons. 
As coatings for paper-cap linings and 
paper boxes this property of resistance is 
important. 

(3} Resistance to mineral and vegetable 
oils, greases, ozone, alkalis and dilute 
acids. Several industries are interested 
in finishes possessing these properties. 
The canning trade is, for instance, con- 
cerned about the ability of acrylic resin 
to protect tinplate and prevent corrosion 
due to fruit acids. 

(4) High electrial resistance 
recommended as insulating coatings. 

(5) Resistance to chemical fumes, 
moisture, etc. 

(6) Resistance to heat when used as 
an ingredient of certain baking enamels. 

(7) Good adhesion and flexibility. In 
the production of base coatings for 
textiles, artificial leather finishes, rubber 
lacquers, etc., the new acrylic resins are 
being used to a growing extent. Ability 
to resist continual flexing either at ordi- 
nary or low temperatures is particularly 


and 


important in the case of leather finishes. 


The range of acrylic resins is now con- 
siderable, and materials are available to 


meet most practical requirements. It can 
be said that the characteristics of the 
polymers depend very largely upon the 
chemical constitution of the monomeric 
forms and the conditions uuder which 
polymerization is effected. | Polymethyl 
acrylate is a colourless, transparent sub- 
stance possessing very definite rubber-like 
properties, patticularly high elasticity. 
Polyethyl acrylate is very much softer, 
more elastic, but not quite so tough as the 
methyl resin. The polymer of n-butyl 
acrylate is soft and tacky ai ordinary 
temperatures. As a general rule, the soft- 
ness of the polymers increases as the 
length of the alcohol chain increases. 
The polymethyl acrylates are, on the 
whole, much harder than the polyacry- 
lates, but the latter are more interesting 
as finishes and adhesives. 


Types of Polymers Employed 


It should be stressed that most acrylic 
resin finishes in use to-day are copoly- 
mers, obtained by mixing the monomeric 
forms in desirable proportions before 
polymerization is effected. A number of 
such copolymers are produced in the 
United States by the Resinous Products 
and Chemical Co., Philadelphia, under 
the trade name “‘ Acryloids,’’ in a con- 
venient range of relative hardness, elas- 
ticity and solubility, and their clear films 
transmit a substantial portion of light in 
the ultra-violet portion of the spectrum. 
They have an index of refraction of 
approximately 1.9 and a‘specific gravity 
of approximately 1.15. It is usual to 
employ these copolymers in solvent solu- 
tion, And thinners most commonly 
employed are: Coal tar hydrocarbons 
(toluol, xylol, etc.) ; chlorinated hydro- 
carbons, ketones, esters, ether alcohols 
and ether esters. Dispersions in water, 
using 25 per cent. resin, are utilized for 
some purposes, e.g., production of proofed 
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goods. The dispersion has approximately 
the viscosity of water itself. When flowed 
out on a glass plate and dried the film is 
slightly tacky and very slightly opaque. 
Both solvent solutions and aqueous dis- 
persions are used in the manufacture of 
laminated glass. 


Characteristics of Copolymer Films 
Acryloid B-7. 


S.G. id pcell ied 
Refractive index ... 1.484 
Tensile strength 7,100 1lb./sq. in. 
Per cent. elongation 10 
Water absorption 

(48 hours) 0.85 per cent. 
Dielectric strength 1,200 volts/mil. 
Power factor (1,000 

cycles) ... Oe i 
Dielectric constant 


(1,000 cycles) ... 2.9 


A typical formula for the above type of 
resin to be employed as a clear finish for 
metal work is as follows :— 


Acryloid B-72 (40 per Seah 100 parts 
Toluol ... : 180 parts 
Methyl cellosolve 50 parts 


It is recommended by the manufac- 
turers that the addition of one part of 
dibutyl phthalate gives good adhesion to 


brass, aluminium, steel, tinplate and 
cadmium plate, and two parts of this 
plasticizer gives better adhesion to 
spangled galvanized iron. -A_ typical 
formula is :— 

Acryloid B-72 (40 per cent.) 50 parts 
Dibutyl ams 1-2 parts 


Xylol .. 29-28 parts 


Acrylate finishes may be satisfactorily 
applied by machine coating, dipping, 
brushing or spraying, but the manufac- 
turers say that special precautions must 
be taken when spraying to avoid feather- 
ing or pinholing. 


Compatibility of Acrylic Resins 


Of interest is the fact that nitro-cellulose 
is compatible with these acrylic copoly- 
and formule may embody this 
Cellulose acetate is only com- 


mers, 
material. 
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patible with certain types of resins, and 
this also applies to ethyl cellulose; drying 
oils and oleoresinous varnishes cannot be 
employed in conjunction with these 
resins. As mentioned previously, dibutyl] 
phthalate is one of the most valuable 
plasticizers, but where high tenacity and 
flexibility are essential needs ard the solu- 
tion is to be sprayed, then dibutyl 
sebacate is suggested as an alternative, 


Applications as Leather Finishes, etc. 


Before leaving this subject it is of 
interest to devote some attention to the 
new methacrylate polymer _ finishes 
employed as leather finishes and coat- 
ings for leather cloth. According to 
E.P.533,313, taken out by E. I. Du Pont 
de Nemours and Co., the most suitable 
resin is the polymer of n-butyl metha- 
crylate of the higher alcohol esters, 
namely, propyl, isobutyl, amyl, hexyl, 
heptyl and octyl; alcohol esters are also 
suitable, but the hectyl and octyl metha- 
crylates provide a finish somewhat softer 
in nature than that of the n-butyl 
methacrylate polymer. The methacrylate 
monomer is polymerized and emulsified 
to form a finish that can be applied with 
a swab covered with upholstery plush and 
finished off by spraying. Advantages 
claimed for emulsified methacrylate 
finishes may be summed up as follow:— 


(a) High flexibility at ordinary and 
low temperatures. 

(b) Small proportions of plasticizer 
needed, which means that the finish is 
more stable than can reasonably be 
expected in the case of *nitro-cellulose 
finishes. 

(c) The finish may be quickly and 
easily applied. 

(d) There is no masking of the grain, 
and the finished leather has not an 
artificial or doped appearance. 

(e) Finish may be employed for prim- 
ing or top finishing by merely altering the 
formula. 

(f) Fire and health hazards greatly 
reduced as compared with finishes formu- 
lated with solvents. 
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Plastic Building Components 


In continuation of the notes in the April 
issue which described the design groups 
of simple components such as pliable 
sheetings, semi-rigid sheetings and tiles, 
the writer gives a very short survey of the 
main features of the traditional non-plastic 
materials for other units and gives some 
suggestions, or rather guides, as to plastic 
possibilities. 


Extrusions, Laths, Mouldings 
Established Shapes 


HE building 

trade uses a 
very large variety 
of laths, trims 
and _coverstrips 
in conjunction 
with practically 
all types of build- 
ing construc- 
tion. That such 
necessary and _ easily 





elements are 
applicable for the use as sundry or 
auxiliary materials can be explained by 
two main considerations:— 

First, the fact that numerous materials 
falling under the category ‘‘ semi-rigid 


”” 


sheetings ’’ are generally fixed by means 
of such elements. Panelling as such is a 
very popular method of construction, and 
so far it is not practicable to do away 
entirely with coverstrips, skirtings or the 
like; the technical or zsthetical existence 
of these are nearly always justified. 

Secondly, the manufacture of such 
elements is simple and by no means con- 
fined to certain groups of materials. 
Simple battens cut from sheet materials 
as well as pressed ‘‘ mouldings ’’’ and 
extrusions are being made out of prac- 
tically all available substances. The 
Tange of these products is increasing 
steadily with the increase of the com- 
plexity of the building methods, and with 
the rise of the average standard of build- 
ing requirements. 


By G. FEJER 


If we neglect, for the sake of the 
present argument, the purely structural, 
load-carrying components on the one 
side, and the purely decorative elements 
on the other side, the main items would 
fall in the following categories:— 


Glazing bars, framing elements. 

Handrails and similar bars. 

Rails (for sliding elements) . 

Picture and curtain rails. 

Coverstrips, trims, angle-beads, etc. 
(for fixing and protection). 

Skirtings. 

(Pipes, tubes for sanitary installations, 
and electrical conduits are of a some- 
what different character and have to be 
dealt with in a different manner from the 
components outlined above.) 

A common feature of the above-men- 
tioned elements is that they are used in 
practically all types of construction, not 
only in the building trade but also in 
shipbuilding and vehicle construction. 
The materials most frequently used are 
the following:— 

Timber 
alike). 

Paper mouldings. 

Hardboard strips. 

Steel (e.g., pressed steel). 

Bronze. 

Aluminium. 

Lead-coated steel. 

Glass. 

Asbestos cement. 


(hardwood and_ softwood 


The wooden beads, battens and other 
mouldings are available in large varieties 
of shapes and stock Iengths, the transport 
lengths being the only limiting factor. 
The various paper-moulded and _ hard- 
board strips, of course, are generally con- 
fined to certain types of panelling work, 
as coverstrips with wallboards. > 

Pressed-steel elements are probably the 
most versatile, and these, together with 
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other types of steel mouldings, give a 
good range of varieties to suit all archi- 
tectural requirements. The sections of, 
say, $ in. thickness and approximately 
14 ft. long are certainly easy to apply, 
and some of the workshop treatments of 
protection against corrosion (such as 
sherardizing) have made it possible to 
use the ‘‘ mouldings ’’ extensively. Glaz- 
ing bars coated with a _ continuous 
extruded lead cover are extremely 
weatherproof and have been evolved to 
meet all requirements of roof glazing, the 
lead parts giving tight and shockproof 
support for glass. There are about 20 
different proprietary brands of these 
so-called ‘‘ Patent Glazing ’’ bars, the 
development of these being planned and 
well organized from every point of view. 

Mouldings of non-ferrous .metals in 
modern forms acceptable for the building 
trade are relatively newer. The specifica- 
tions are generally similar to those 
covering steel ‘‘ mouldings,’’ and 
materials such as nickel-copper alloys 
offer, for certain cases, obvious advan- 
tages. Aluminium alloys have found a 
wide market in the building trade not 
only for interior or decorative uses, but 
practically for all purposes mentioned 
above. In some 30 different ‘alloys the 
aluminium industry has offered archi- 
tects a variety of over 3,000 sections 
(1939). 

The importance as well as the avail- 
ability of the various extruded rubber 
‘“ mouldings ’’’ may be well familiar to 
the reader and need no further emphasis 
in the aspects for future architectural 
possibilities. 


Suggestions for Plastics 

The above notes may be of some use 
to give a superficial idea of the suitability 
of laths and mouldings for building pur- 
poses, and the amount of specialized 
work which will be required from the 
plastics industry to win a place in the 
building market. The long narrow 
elements of this kind which can be made 
conveniently by various manufacturing 
methods (especially by extrusion) > are 
well within the reach of the present scope 
of the plastics trade. A certain amount 
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of valuable work has already been done 
here and in the U.S.A. It is hard to 
explain why the majority of the available 
plastic ‘‘mouldings’’ are confined to 
decorative purposes, and why the very 
few sections available are not designed 
on more utilitarian lines. There are good 
possibilities for the use of thermo- 
plastics and thermosetting plastics alike, 
and all the components mentioned above 
constitute few new manufacturing diff- 
culties. It is, of course, not possible (nor 
necessary) to compete with the well- 
established industries, and the plastics 
manufacturer may not find it desirable to 
decide upon the mass production of such 
wide ranges of varieties of sections.as the 
other industries can offer. Taking the 
case of the glazing bars for instance, it 
may be very difficult to find technically 
and commercially sound reasons for 
replacement by plastics so long as the 
plastics do not offer special advantages 
over those glazing bars which are in 
general use. 

Handrails.—There seems to be no 
obstacle in making headway in manufac- 
ture and popularizing three or four types 
of plastic handrails. 

Rails.—Guiding rails for sliding doors, 





Fig. 3.—Details of suggested plastic rail. 


windows, etc., form another group of 
immediate possibilities. Such rails could 
also be. used for the purposes of the 
cabinet maker. 

Rails for securing various fixtures it 
situ to concrete could be designed on the 
lines indicated in Fig. 3. The section is 
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not unfamiliar, and, of course, the 
behaviour of the particular plastic chosen 
has to be investigated practically in con- 
junction with the usual concreting work. 

The use of picture rails, skirtings and 
coverstrips is illustrated in Fig. 4. Start- 
ing from the principle that plastics must 
bring additional advantages, the writer 
suggests the development of such mould- 
ings in a manner that they should contajn 
the electric wiring in an easily accessible 
Manner. 

To illustrate the idea in some detail, 
let us imagine a definite case. Supposing 
that various office partitions are being 
carried out in light construction, and for 
all partitioning the panelling system has 
been adopted, semi-rigid sheetings on 
studs being used. 

Let us also suppose that telephones, 
electric signals, dictaphones, heating 
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PICTURE RAILS 


COVER STRIPS * 


te, Ss 


Y), 


/ 


Fig. 4.—General and particular 

views of the application of 

plastic picture rails, cover 
strips, etc. 


* 


units, etc., are required on various points 
in a manner not predetermined. Various 
charts and graphs may be secured on the 
walls temporarily, but as the boards have 
poor nail-holding properties and _ the 
graphs have to be changed frequently, let 
us decide on a continuous picture rail. 
This is incorporated in Fig. 4. 

The sketch is merely meant to inspire, 
and, of course, is not more than a sugges- 
tion—although, perhaps, practicable. It 
shows how we come from a_ general 
arrangement to the fixing details and, 
finally, to the design of the sections. The 
chain does not stop ‘at that point in the 
practical work, and there is a number of 
further interesting points to design (inter- 
section points, overlappings, etc.). 

There may be good and immediate use 
for, say, a dozen sets of ‘‘ mouldings ”’ of 
this type, but it is inevitable that they 

D 
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BATHS 
































Small shower bath for 
restricted spaces. 


Uses: Transportable build- 
ings, ships, hostels, bungalows, 
huts, etc. 


The detailed sketch of the 
bath shows suggested size. 


Hollow blocks dropped into 
suitable frames, for insulating 
purposes only. 


kThe detailed section shows 
the joining of the slabs. The 
hollow space could be filled 
with the quilt type of insulat- 
ing material. 


The suggested ‘frame is a 
combination of integrally 
moulded frame components 
with rounded corners. 

Uses: Kitchens, baths, 
storage-rooms, etc. 

The detailed sketch shows 
the section of the fixed part 
of the glazing. 

(Note: Specification for 
metal windows is B.S.S. 990.) 


The suggestion here is not 
the use of individual lamps 
but for the architectural 
treatment of large rooms. 


Uses: Factories, halls, 
cinemas, etc. 

The detailed sketch shows 
the alternatives—either fixed 
to:the ceiling or flush with 
the floor construction and/or 
glazed. 


Fig. 5.—Some plastic suggestions under Section 5. 
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must be carefully designed. To arrive at 
good designs we may have to go through 
hundreds of studies such as the sketch, 
analysing every step. 

The bent shape of the partition may 
serve just as a reminder that thermo- 
plastics may have certain good points 
when thinking in terms of raw material. 

These notes may serve of some use to 
those who have to investigate the pos- 
sibilities of extruded plastics, but, of 
course, elements such as handrails, etc., 
are not necessarily extruded components; 
there are various other methods of manu- 
facture, and all these possibilities should 
be investigated before any actual manu- 
facturing trials can take place. 


Finished Articles 


In. our “ light- 
ning survey’’ of 
building compo- 
nents the previous 
groups have in- 
cluded most of 
the possibilities of 
the simple sheet 
materials or laths. 
This group refers 
to the building components of more 
elaborate shape. 





Established Shapes 

We have to distinguish two large 
groups of components. 

1. Blocks and units for structural pur- 
poses, such as walls, partitions, roofs, etc. 

2. Finished articles which are necessary 
for the equipment of the building. 

The first group includes hollow bricks, 
slabs for partitions, beams, columns, etc., 
and hollow blocks for solid floors. 

These are being made out of all suitable 
materials such as reinforced concrete, light 
concrete, and many other compounds. 
The number of these variations is so large 
that we cannot mention all the groups of 
articles which fall under this heading. It 
is, however, the general tendency of 
building technique which has to be noted. 
Since the days when bricks were made on 
the building sites, building techniques 
have steadily increased the importance of 
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the workshop and factory-made compo- 
nents, There is absolutely nothing new in 
prefabrication as such, since an ordinary 
brick is a prefabricated component. 

What is, however, a more recent 
development is the aim to provide larger 
sizes of components—without dropping 
the good qualities of the brick system. 

Our partition walls, reinforced concrete 
roofs and floors are generally being made 
by using light, insulating blocks or slabs, 
which are not necessarily strong, to take 
any of the structural stresses.” There are, 
of course, quite a considerable number of 
various reinforced concrete beams and 
other load-carrying structures available; 
these, however, are probably less interest- 
ing from the plastic angle. 

The second large group is that of equip- 
ment units. We mentioned above that 
the tendency of workshop-made compo- 
nents is increasing. There is no contro- 
versy about the units of the equipment of 
buildings, and no one would suggest that 
the ‘‘ good refrigerator should be built on 
the spot out of local materials,’’ but the 
efficiency of a roof is (by no means less 
important) more often depending upon 
many individual requirements. The 
equipment of the buildings of every type 
is very extensive. Sanitary appliances, 
cooking, heating, air-conditioning have 
made our buildings more useful, and the 
tendency of using more and more 
scientific methods of, say, heating and 
lighting will make further progress. 


Suggestions for Plastics 


There are some items in the equipment 
group which the plastics technician would 
definitely dislike. Boilers or cookers and 
similar appliances are to-day either 
impossibie or very remote plastic possi- 
bilities. Domestic plumbing, however, 
does constitute a very interesting set of 
problerhs. Instead of delving into prob- 
lems of the future, the writer would like: 
to make a-few suggestions on items which 
are not quite remote possibilities. (See 
Fig. 5:) He has also omitted to tabulate 
the plastics or designs which have already 
achieved success. 


(To be continued) 
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ledge became 
sciences. Drying, 
formaldehyde and 
alcohol treatment 
has never yielded 
satisfactory results, 
since either the 
method yields 
transient resuits 
only or other dis- 
advantages, for 
example, loss of 
colour or shape 
render the process 
of doubtful value. 

In the January, 
1939, issue of 
‘* Plastics ’’ we 
published some of 
the. earliest notes 
on new embedding 
materials. Since 
that date consider- 
able progress has 
been made, especi- 
ally in Germany 
and the United 
States of America. 
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Preservation for Research 


HE art or science of preserving speci- It may be remembered that the earliest 
mens has been carried out ever since attempts at the resin embedding of horti- 
biology, zoology, mineralogy, botany and cultural and biological specimens was 
a dozen other branches of human know- made with transparent urea-formaldehyde 


resins. Cast pheno- 
lics have  appar- 
ently not_ been 
used, but complete 
success has __ been 
reached with 
“acrylic ’’ resins. 

The latest 
worker in the field 
is Dr. C. E. Sando, 
senior biochemist 
of the Bureau of 
Agricultural 
Chemistry and 
Engineering, 
U.S.A., who _ has 
improved on most 
existing methods 


Some excellent ex- 
amples of agricul- 
tural and insect life 
embedded in resin 
by Dr. Sando. The 
cotton ball seen 
above is a peculiarly 
fine specimen of 
delicate workman- 
ship. 
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and techniques. The specimens keep inde- 
finitely with complete preservation of 
their natural forms and sizes. Thus the 
mounted specimens may be viewed from 
any angle~and are. relatively light in 
weight and, due to their permanence, 
should be very useful as records of 
healthy and normal specimens _ for 





Frogs, flowers and 

leaves retain their 

form and colour 
indefinitely. 


scientific research, for educational pur- 
poses and also for exhibitions. 
Specimens to be mounted by the new 
method of Dr. Sando must be first 
dehydrated, as moisture would cause 
cloudy spots in the finished mount. 
Monomeric methacrylic ester (that is in 
liquid form) is used for this purpose; it 
ives hard, colourless, crystal-clear trans- 
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parent solids that can successfully be 
used as mounting mediums. 

Entrapped air can be removed from 
this material by placing the immersed 
specimen in a tight container and 
evacuating. When the material has poly- 
merized and become solid, it is removed 
from the mould. Dr. Sando applies:a 
special treatment to it in order 
to prevent subsequent: crazing. 
The plastic, as with normal-cast 
‘acrylic’? resins, can be 
machined to any desired shape. 
Its machined surface is then 
polished to a high lustre. By 
machining the mount to the cor- 
rect curvature, the plastic may 
be made into a lens, so that 
small specimens can be magni- 
fied and details accentuated. 

It has been stated in the fore- 
going that the specimens keep 
indefinitely with compt%ete « pre- 
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servation of colour and form. The 
expression “‘ indefinite ’’ is, of course, 
relative. The process is so new, as indeed 
is the resin, that the true length of life 
can only be given approximatety. Speci- 
mens of the work made four and five 
years ago are “‘ as good as new,”’ although 
some of the colours fade very slightly. 
The resin appears to be unchanged. 
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World’s Industry 
Employs Plastics 


SR ee 
GENERAL ENGINEERING 


Castings for refrig- 
erators must be abso- 
lutely gas-tight, and 
requirements for 
impermeability are 
very high. A tech- 
nique has been 
evolved for 
porous castings by 
means of plastics. Particular difficulty 
was experienced with cast-iron, where, in 
the case of thin castings, scrappers were 
very high. Polyvinyl chloride and poiy- 
styrene have been employed with some 
success for this purpose. In the first 
case, a solution of Igelit P.C.U. in the 
partially: polymerized state in certain 
solvents has been employed. The deter- 
mining factors are two—the viscosity and 
wetting powers of the solution. Impzeg- 
nation of the castings was carried out both 
in vacuum and pressure, the solvent being 
driven off by heating at 80-90 degrees C. 
It is interesting to note that, unlike plain 
lacquered surfaces, the impregnated sur- 
face proved resistant to sulphuric acid and 
to methyl chloride. A rather more 
unusual instance of sealing was accom- 
plished with unpolymerized _ styrene, 
which was injected into the porous areas 
under pressure and polymerized in situ. 
The sealing was not resistant to acids, 
but, on the other hand, was not affected 
by ammonia. In this country various 
types of porosity in castings have been 
successfully sealed by treatment under 
pressure with Bakelite varnishes or sus- 
pensions of various viscosities, and, 
according to the gravity of the case, under 
pressures as high as 700 Ib./sq. in.; cur- 
ing is afterwards effected in the usual 
way by low-temperature heat treatment 
in an air oven. The process appears to 





have wide possibilities. 





sealing , 





MOTORS © 


Piston pumps for 
the operation of 
hydraulic tipping 
bodies of vehicles, 
and adapted for driv- 
ing by the vehicle’s 
engine, are, accord- 
ing to B.P. 543,619, 
constructed largely of 
plastics. Such parts of the piston pump as 
are not subjected to unduly high stresses 
are formed, usuaily by moulding, in 
phenolic resins, which may or may not 
be provided with metallic reinforcements. 
In one example, for instance, the casings 
for the eccentric shaft and the pump 
cylinder block are produced as a one- or 
two-piece moulding in a thermosetting 
resin. Cylinder bores may, if required, 
be provided with metallic liners. In addi- 
tion, .pistons may be moulded from 
thermosetting resins. Bakelite is specific- 
ally referred to. A novel feature is the use 
of piastics for valve seats and poppet 
valves, which may be reinforced and pro- 
vided with metal seats. The cylinder 
head of the pump is also moulded from 
plastics, ports and transfer passages being 
moulded in. Considerable reduction in 
weight, and cheapening in production 
cost is claimed, whilst attachment to the 
power take-off of the gearbox unit is said 
to be greatly simplified. Plastic-consump- 
tion statistics for 1939 were referred to by 
Frommelt, of the Kearney-Trecker Corp., 
in a paper presented November, 1941, 
before the Society of Automobile 
Engineers, Toronto. Phenolics accounted 
for 29 per cent. of consumption; ceilulose 
acetate, 25.6 per cent.; cellulose nitrate, 
19.7 per cent.; urea-formaldehyde resins, 
10.9 per cent.; casein, 6.7 per cent. The 
author’s paper mainly consists of ele- 
mentary details of plastic working. Nevet- 
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theless, he very wisely drew attention to 
the fact that the use of plastics for con- 
structional work is often criticized solely 
on the basis of their usually somewhat low 
tensile strength (3-6 tons/sq. in.). Quite 
apart from the fact that this attitude is 
fundamentally wrong, a fairer means of 
comparison must be based upon the 
specific strength, i.e., say, tensile strength 
specific gravity. Other 
mechanical properties, however, must be 
taken into account, and again the author 
impresses on designers the need for think- 
ing in terms of the new material and 
avoiding the uncritical transference of 
designs for one material to those in 
another. Significantly enough, no refer- 
ence was made by Frommelt to the use 
of plastics for pistons, in spite of the fact 
that this application has already been 
visualized for some years past. Delay in 
the furtherance of the idea is probably 
to be attributed to the great difference 
between the physical properties of 
synthetic resins, as compared with metals 
and alloys, rather than to differences in 
mechanical properties. Articles have 
appeared.in this journal devoted to con- 
siderations of this type, and especial 
attention is directed to the possibilities of 
empioying metal-coated plastics, used 
either by spraying or electro-deposition 
for this purpose. High thermal conduc- 
tivity necessary in internal-combustion 
engine pistons may thus be obtained with- 
out sacrifice of the low weight of the 
plastic body. Gears for automobiles and 
similar highly stressed units cannot, at the 
moment, be made entirely in laminated 
plastics, as, because of the small size 
of the gears, the specific pressures occur- 
ring are extremely high. Reiner, of 
Munich, has recently developed, however, 
a compound gear consisting of a bushed 
plastic body dovetailed to the periphery 
of which is a steel ring in which the gear 
teeth are cut. The mechanical properties 
of a complex of this type must not be 
assumed automatically to be the arith- 
metic mean of those of the component 
parts. Actually, in this instance, weight 
is low, mechanical strength is high and 
the gear has a high damping capacity. 
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CHEMICAL 
Hose coupling in 
tenite, moulded by 


the Reynolds Spring 
Co., was recently 
placed on the market 
in U.S.A., under the 
name Kup-L-Kwik. 
This quick coupling 
device is intended 
principally for service stations, homes and 
general -water connection purposes. It is 
designed to withstand high pressure and 
rough handling, and, it would appear, is 
capable of development for use on an 
industrial scale, particularly in the chemi- 
cal and allied industries, where corrosive 
fluids must frequently be handled and 
cause trouble even with nominally 
corrosion-resistant metal connections. It 
is interesting to note that the device is 
arranged to deliver both in jet and spray 
form and is operated successfully at 
pressures as high as 650 lb. per sq. in. 















LECTRICAL 
Small _ electrical 
apparatus calls not 


only for considerable 
skill on the part of the 
designer in order to 
maintain perfect 
mechanical and elec- 
trical safety, but also 
imposes stringent 
demands upon the materials of construc- 
tion used. Durez Plastics and Chemicals 
Inc. recently drew attention to the use 
of a Durez plastic for a small pivot enter- 
ing into the assembly of the conducting 
mechanism of a switch equal in diameter 
to an English farthing. The size of the 
pivot is best judged from the fact that 
900 of them weigh 1 oz. Apart from the 
insulating properties called for in this 
component, a service test of 100 makes 
and breaks was required satisfactorily to 
be passed without destruction of the pivot. 
Metallic surface coating of plastics by 
the spraying technique has been referred 
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to previously in this journal. A technique 
capable of similar application is referred 
to in U.S.P. 2,010,805, 2,063,034, 
2,214,646, dealing with electro-deposition 
of metailic films on plastics. These 
patents and related matter are summar- 
ized by Bregner in a recent issue of 
“‘Tron Age.’’ Particular attention is 
given to the preparation of the plastic 
spray to render it conducting. The respec- 
tive fields of use for sprayed and electro- 
deposited coatings to some extent over- 
lap, but any comparison of the two should 
take into account the higher reflectivity 
and electrical and thermal continuity of 
the electro-deposited coating. 





AIRCRAFT 


Fabric for aircraft 
of the lighter-than- 
air type is required to 
possess certain very 
well-defined physical 
properties, more par- 
ticularly permeability 
to gases, such as 
hydrogen, helium, 
carbon dioxide. The Cambridge Instru- 











ment Co., Inc., has recently brought 
out a hand meter, known as_ the 
fabric permeameter, in which rate of 


permeation is determined by utilizing 
the thermal conductivity method of gas 
analysis. The instrument, in the con- 
struction of which plastics play a large 
part, reads directly in terms of. litres per 
sq. metre per day. 


TEXTILES 


Raincoats and pro- 
tective clothing for 
chemical workers con- 
sist of polyvinyl 
chloride, the seams of 
which are produced 
by welding. Pfaff, of 
Kaisers!autern, sew- 
ing machine manufac- 
turer, has developed a novel device for 
reducing cutting-out times and _ thus 
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enabling the articles to be sold at a 
cheaper rate. The material is pre-heated 
by a hot metal wedge, and then those 
areas required to form the seam are 
pressed against rotating rollers, giving a 
perfect weld. If overlapping be not 
desirable, a butt weld, backed by a 
strengthening band, is used. Complete 
details are given in ‘‘ Kunststoffe,’’ 
1942/32/35. Spray gun designed by and 
made for De Vilbiss Co. in cellulose ace- 
tate butyrate has been modified in 
form and appears likely to find extended 
use in the home market for moisten- 
ing fabrics before ironing or pressing. 
Design is such that the whole gun 
now weighs 7 oz. instead of the 17 
formerly noted when it was produced 
in anodized aluminium. No compressed 
air is required for this model, which 
operates from the high-pressure mains 
and produces a spray by means of speci- 
ally designed baffles. The plastic mouid- 
ing is supported on a zinc-base die-cast 
skeleton carrying water passages and 
valve seats. Production cost analysis 
for the plastic, as compared with the 
light-metal gun, shows that the plastic 
model is actually cheaper in spite of the 
relatively high cost of the dies; in 
practice, finishing costs being virtually 
eliminated, one of the most expensive 
features in the case of the light-metal 
body is obviated. 


FURNITURE 


Adhesives for wood 
working are discussed 
in ‘‘ Holtztechnik ”’ 
1941 /21/208. It ag 
pointed out that resin- 
base glues, commonly 
in use at the moment, 
usually require the 
addition of hardenezs, 
or curing by heat. To effect saving, 
fillers are sometimes added prior to use. 
Henckel, of Diisseidorf, has marketed a 
melanine resin in the form of a drying 
powder, which, after mixing with cold 
water, is ready for use. Two qualities 
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have been developed for purposes where 
resistance to water or moisture generally 
is required. The dry powder itself is 
very durable if stored away from damp 
and if kept cool. After mixing with water 
the adhesive is stable for some days. In 
mixing, 10-15 mins. stirring with a 
mechanical stirrer is recommended, in 
order that lumpiness may be avoided; 
after this, the glue may be used imme- 
diately. A thin homogeneous coating is 
required, optimum figure being of the 
order of 200-250 gm./sq. m. Hot press- 
ing at 95-100 degrees C. for a few mins., 
dependent upon the thickness of the 
wood, is recommended. Optimum pres- 
sures for pine are 6-7 kg./sq. cm.; for 
beech, 15-23 kg./sq. cm. The new adhe- 
sive is particularly suitable, it is claimed, 
for furniture manufacture, and for ply- 
wood flooring and for composite boards. 
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Injection moulding 
machine by Breun, of 


Zerbst, replaces the 
conventional _ single 
and = double - toggle 


levers by an epicyctic 
train. The machine 
in question has a 
capacity of 50 c.c. of 
stroke and 2-4 injections/min. can be 
carried out. If capacities above 100 c.c. 
per stroke of piston are required, drive 
should be hydraulic or pneumatic, to 
avoid undue dissipation of energy. 
Ammunition components in plastics are 
featured in the U.S.A. defence pro- 
gramme. Extensive experiments are 
being conducted with false windshields in 
plastics for 37 mm. armour-piercing 
shells, bomb-fuse bodies and fins for 
trench-mortar shelis. Apart from these 
newer developments, synthetic resins of 
various types are being used in large 
quantities for army-lorry and field-tele- 
phone equipment, gas-mask parts and 
steel helmets. The aircraft industry is 
taking full advantage of well-established 
uses for plastics. An intimate study of 
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creep and cold flow of plastics has been 
made by Delmonte and Dewar. These 
phenomena are familiar to metal users, 
the first being commonly associated with 
work at e.evated temperatures, and the 
second, with softer metals, such as lead, 
which, for example, will creep if used for 
covering high-pitched roofs, and which 
is, of course, the fundamental property 
governing the forming of metals at normal 
temperature. Experimental details were 
so ordered as to simulate, as far as pos- 
sible, those occurring in actual structures. 
Six resins were tested—laminated phenolic 
paper base; polymethyl-methacrylate; cel- 
lulose nitrate; cellulose acetate-butyrate; 
polyvinyl chloride-acetate and polysty- 
rene. Emphasizing the distinction between 
metals and non-metals is the authors’ 
observation on eariier work which 
showed that creep depended upon the 
moisture content of the samples and 
tended to increase with increased 
humidity, Among the numerous data 
obtained by the authors are, first, those 
concerning elastic moduli, which, to facili- 
tate comparison with metals are given here 
in lb. /sq. in.: polyvinyl chloride-acetate 
480 x 103 (24 degrees -C.}, 356 x 103 
(52 degrees C.); polymethyl-methacrylate 
442 x 103 (25+ degrees C.), 322 x 103 
(52 degrees C.); laminated phenol- 
formaldehyde 1,580 x 10% (25 degrees C.), 
1,500 x 108 (52 degrees C.); laminated 
phenolic resin (Grade XX) 1,050 x 108 
(25 degrees C.), cellulose nitrate 406 x 108 
(25 degrees C.); cellulose acetate 318 x 108 
(25 degrees C.); celiulose acetate-butyrate 
186 x 103 (25 degrees C.). In decreasing 
order of permanent set for 96-hour test at 
52 degrees C., the materials range as fol- 
low :—Polyvinyl chloride-acetate; cellu- 
lose. acetate-butyrate; cellulose nitrate; 
polymethyl-methacrylate, polystyrene; 
laminated phenolic resin. In decreasing 
order of creep expressed as per cent. of 
deformation at 5 secs. in the interval 
5 secs. to 60 secs. at 52 degrees C., the 
materials range: poiyvinyl chloride- 
acetate, 25.4; cellulose acetate-butyrate, 
15; cellulose nitrate, 12; poiymethyl- 
methacrylate, 8. 











IMPORTANT NOTICE: If inquirers wish to receive 
replies by post, a stamped and addressed envelope must 
be included in their letter. Unless otherwise stipulated, 
it is understood that the submission of a problem 
to the Editor permits its publication in this journal. 


Substitute for Kapok 

We normally use Kapok for filling mat- 
tresses and cushions on our boats, it 
being light and buoyant; we are now 
unable to obtain this material and we 
wondered whether you could suggest an 
alternative, preferably cheap plastic, 
which would be suitable. 

THE BritisH Power Boat Co., Ltp. 


{Epitor’s Note.—Kapok is so valuable 
because of its constitution and its physical 
form. It is cellulosic but has a some- 
what oily or silky ‘‘ feel,’’ probably due 
to a waxy or oily film on the surface of 
the fibre. Hence its high water resisting 
power. We also believe that Kapok is in 
the form of a hollow tube which would 
account (a) for its lightness and (b) for 
its high insulation properties. No syn- 
thetic fibre has yet ever been made, we 
understand, in the form of a _ tube. 
Rayon and other man-made textiles are 
extruded through spinnerets and the 
material issues as a_ solid thread. 
Theoretically, we presume the holes in the 
spinnerets could be made so that a 
tubular form would result. Whether this 
could be carried out practically we have 
no knowledge whatsoever. This, or a 
method equivalent to producing sponge 
rubber, appears to be the only process of 
obtaining a very light, high insulating 
type of material. ] 


Light Plastics for Gramophone Pick-up 


I have been advised that you might be 
able to give me a little assistance on some 
work I have been doing on a new type of 
gramophone pick-up, which I believe I 
shall have the opportunity of describing 
in the ‘‘ Wireless World.”’ 

For a very small part (.01 to .03 gr.) I 
have been using celluloid. It has seemed 
to me, though, that there is probably 
some material which is_ considerably 
lighter (my object is to make the part as 
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light as possible) and which also has 
slightly more elasticity than celluloid. 


If you could suggest any material which 
you think would be worth my experiment- 
ing with, I should be very much obliged. 

J. BRIERLEY. 
[Ep1tor’s Note.—Polystyrene is much 

lighter than celluloid (S.G.1.04 compared 
with 1.4 for celluloid). It is obtainable 
in powder, sheet, rod or tube form, but 
is not as tough as celluloid, although 
strong enough in the many applications 
it is used. Polythene is even lighter than 
polystyrene. The specific gravity is less 
than 1, that is, it is lighter than water. 
It resembles rubber somewhat in character 
and is available in sheet form and can be 
moulded. A curious form of polymethyl- 
methacrylate is also available. Mouldings 
can be made from a hollow sphere type 
so that the specific gravity of mouldings 
can be controlled at will. Some mould- 
ings are stated to have a specific gravity 
as low as 0.2. Of the above light 
plastics, polythene is most elastic. ] 


Plastic Impregnated Fabric for 
Orthopedic Work 


On page 17 of the February number of 
‘‘Plastics’’ there appears an article 
describing a new material to be marketed 
under the name of ‘‘ Panplast.’’ Would 
it be possible for you to give us more 
information about this, especially the 
name or names of manufacturers? We are 
particularly interested in this, since in 
Patent No. 542,659, taken out by a gentle- 
man named _ Frankfurther, there is 
described a very similar idea excepting 
that the subject-matter of the patent 
appears to cover thermoplastic resins 
oniy. T. J. SmirH AND NEPHEw, LTD. 
[Ep1tor’s Note.—The note referred to was 

abstracted from a German _ source. 

Panplast is made in Germany and will 

therefore not be available for some time. 

The material appears, from the context, 

to resemble the Rexine type of cloth both 

in texture and manufacture, with the 


possible difference of being less imperme- 


able in order to allow ‘‘ breathing.”’ 
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Metal Protection— 
by Plastic Sheet and Film 
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The universal problem of corrosion is so 


fundamental that the following notes, con- 
tinued from the April issue, constitute a 


By 
E. E. HALLS 


valuable addition to the existing literature 


on the subject 


2. Transparent Plastics for Sight Windows 
and Protection of Instrument 
Mechanisms. 


Nagi electrical apparatus and equip- 
ment provides countless examples in 
which plastic windows are used, or could 
be used with, advantage. The primary 
attractive features of transparent plastics 
in this application are, first, their non- 
breakable character and, secondly, their 
easy fabrication. Glass is not securable 
to close limits in thickness dimensions, 
and not even to very great accuracy in 
length and breadth dimensions. When 
shapes more complex than flat rectangular 
forms with simple bevels are involved the 
problems besetting the assembly engineer 
can become very involved. Circular and 
elliptical glasses, curved shapes, and 
moulded glass covers are not generally 
produced for these purposes except under 
special conditions and additional expense, 
and even then “‘ fit ’’ troubles are by no 
means entirely eliminated. The availa- 
bility of materials that can readily be 
fashioned to shape by cutting, milling, 
drilling, etc., those that can be hot pressed 
to shape, or those from which the finished 
article can accurately be reproduced by 
pressure moulding, have obvious claims 
to the engineer’s attention. The trans- 
parent plastics between them fulfil this 
need; a suitable raw material for this 
application is thus available, but it is 
hecessary to examine how far the plastics 
fulfil the associated needs of jobs of this 
category. 

The field is exemplified by the following 


items:—electrical instruments of the meter 
class (ammeters, voltmeters, etc.), tem- 
perature measuring instruments of both 
indicator and recording types, thermo- 
metric and pyrometric; industrial control 
instruments, gas _ flowmeters, CO, 
recorders, pH value indicators, recorders 
or controllers; clocks and watches; scales, 
balances and weighing machines. This is 
by no means a complete list, nor does it 
include items from tempting fields as yet 
almost unexplored. The latter includes 
numerous types of showcases for shop and 
exhibition purposes, street automatic 
machines, instrument cases, etc. 

In most of these examples the material 
serves as a window; clarity of vision is 
of first importance, and generally a good 
seal is required against ingress of mois- 
ture or corrosive influences from the 
atmosphere. The seal, as in the case of 
glass, can be finally secured by using a 
suitable gasket of rubber, synthetic 
rubber, flexible polyvinyl chloride or 
other suitable. material, or by cement or 
adhesive, or again, upon occasion, by fit 
alone. Moisture-proofness does _ not 
present the same problem as when dealing 
with foiis, because thicker sheets are used, 
‘se in. and upwards being more general, 
although down to 0.010 in. is employed 
in some instances. Permanency and 
stability is of greater moment, particularly 
stability of dimensions and freedom from 
any tendency to shrink and pull away 
from seatings, or to. expand and buckle or 
cockle. 

The suitability of the materials con- 
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- Table 5.—Influence of Cyclic Conditions of Temperature. and Humidity upon Glass-clear 














Plastic Sheets. Increase in Dimensions Shown Positive, Decrease Shown Negative. 
Total changes in dimensions, per cent. 
Nominal 
— Material thickness, Period of exposure in days. 
’ inches Di i 
| 7 30 100 
( Length — 0.6 0.8 — 1.0 — 1.3 
(a) Cellulose acetate .. > 3 dh < Width + 0.7 + 0.7 + 0.7 + 1.0 
\ Thickness + 0.8 1.0 + 1.8 + 2.0 
f Length —- 0.5 — 0.7 —- 1.0 — 1.2 
(b) Cellulose acetate is { Width + 0.7 + 0.8 + 0.8 + 1.0 
L Thickness + 0.7 0.9 + 1.2 1.5 
{ Length — 0.2 — 0.2 — 0,2 — 0,2 
(c) Polymethyl methacrylate .. = db < Width Nil Nil Nil Nil 
L Thickness + 0.2 + 0.2 + 0.2 + 0.2 
{ Length - 0.2 — 0.2 -- 0.2 — 0.2 
(d) Polymethyl methacrylate .. db < Width Nil Nil Nil Nil 
\ Thickness | +03 | +03 | +03 | +03 
Length Nil Nil — 0.3 — 0.3 
(e) Polystyrene .. se re we db , Width Nil Nil Nil Nil 
L Thickness Nil Nil + 0.3 + 0.3 
Length Nil Nil — 0.3 — 03 
(f) Polystyrene ab Width Nil Nil Nil Nil 
Thickness Nil Nil + 0.3 + 0,3 
( Length — 1.0 -— 1.5 — 2.0 — 2.5 
(g) | Polyvinyl chloride .. .. Bh 4 Width + ee his Peps | + ae 
L Thickness | + 1.0 + 1.0 + 2.0 + 3.0 
{ Length — 1.0 —- 1.0 — 1.8 — 23 
(h) Polyvinyl chloride .. oF Zo fh < Wicth + 1.0 + 1.0 + 1.0 + 1.0 
\ Thickness + 0.5 1.0 + 1.0 + 15 
Length Nil Nil — 0.5 — 1.0 
(i) Cast phenolic resin (yellow)  .. b Width Nil Nil + 0.5 + 0.5 
Thickness Nil Nil + 0.5 + 1.0 
( Length — 0.5 — 1.0 — 1.5 — 2.5 
(i) Cast phenolic resin (colourless). . is Width Nil + 0.5 + 0.8 + 1.0 
_ Thickness Nil + 0.5 + 0.8 + 1.0 


























sidered can be assessed by submitting test 
specimens for extended periods separately 
to the extremes of heat and dampness 
anticipated in service, and to cyclic con- 
ditions which embrace warmth and cool- 
ness, damp and dryness. In Tables Nos. 
5, 6 and 7 data appertaining to dimen- 
sional stability under such conditions are 
presented for a number of materials in two 
selected thicknesses. The values given are 
typical of the basic types of material 
represented, and although some degree of 
variation does occur with material from 
different sources, and with the same 
material in different thicknesses, the 
results may be taken as a reliable guide 
to performance and for gomparison 
purposes. 

In commenting upon the tabulated data, 
cellulose acetate will be regarded as the 


more commonly used material because of 
its longer established usage, and the newer 
materials will be compared with it. 
Table No. 6 deals with extended expo- 
sure up to 100 days to dry heat at 60 
degrees C. (140 degrees F.), a not unduly 
severe temperature condition, but one that 
is likely to be approached in normal tropi- 
cal service, by dizect exposure to the sun 
in temperate zones, and often encountered 
when equipment is installed adjacent to 
local heat of furnaces, etc. That cellulose 
acetate suffers from progressive shrinkage 
in all dimensions is established by the 
values for both sheet thicknesses. These 
shrinkages are large in one day, very 
large in 100 days. Rate of movement 
falls off, but ultimate stability is not indi- 
cated. The methacrylate sheets show 
virtually no movement in the first seven 
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lear § days, and then a shrinkage in length and shrinkage but somewhat smaller in magni- 
re width, and a swelling in thickness. .The tude than that shown by cellulose acetate. 
ultimate total movement is rather less Table No. 7 summarizes the behaviour 
____ [| than with acetate, and the phenomenon of of the same materials under prolonged 
: initial resistance to the test conditions water immersion at ordinary temperatures. 
100 suggests that a structural change occurs The tendency is towards expansion in all 
—— f within the material to render it rather less directions. The acetates show an initial 
- 13) — resistant to temperature in this respect large movement, followed by a slower 
‘ 18 after a period of time has elapsed. Poly- increase; the total movement is great. The 
al styrene sheets, samples (e) and (f) show  methacrylates are virtually unaffected and 
- 10 § the same kind of behaviour, except that the polystyrols unchanged. The poly- 
— all dimensional changes are towards vinyl chlorides respond in a _ peculiar 
A... shrinkage, but with total dimensional manner, initially unaffected but during 
- 0.2 changes still smaller. Again, the polyvinyl the later stages of test a marked expan- 
02 sheets, samples (g) and (h), exhibit the sion in thickness is recorded, without 
es sudden change to deterioration but with change in length or width. The coloured 
very large dimensional changes, shrinkage cast resin likewise only shows significant 
om in length, swelling in width and thick- changes after a period, the ultimate move- 
0.3 ness. The cast phenolic resin sheets ment being quite large, although not quite 
03 samples (i) and (j) both show gradual _ so great as with cellulose acetate. The 
Ni 
Table No. 6.—Influence of Continuous Exposure of Glass-clear Plastics to Dry Heat 
af at 60°C. Increase in Dimensions shown Positive, Decrease shown Negative. 
3.0 
Total change in dimensions per cent. 
2.3 iii 
1.0 — Material thickness, Period of exposure in days 
1.6 inches Dimensions 
1.0 1 7 | 30 | 100 
0.5 
1.0 ( Length —06 | —09 | — 1.4 2.2 | —2.7 
2 (a) | Cellulose acetate a ah < Width — 0.5 — 0.7 —- 1.0 1.5 — 2.0 
7 \ Thickness} —0.9 | —1.2 | —1.5 | —2.0 | —2.6 
1.0 ( Length -05 | -07 | -10 | —1.5 | —20 
{b) Cellulose acetate 43 Width — 0.5 — 0.7 — 0.9 — 1.3 — 18 
i Thickness | — 1.0 — 1.2 — 1.4 — 2.3 — 28 
se of Length Nil Nil Nil — 0.5 — 0.8 
{c) Polymethylmethacrylate dh Width Nil Nil Nil — 0.7 — 4.2 
ower ha L Thickness Nil Nil +0.2 + 1.0 + 1.5 
( Length Nil Nil Nil 0.7 — 1.0 
x po- (d) | Polymethylmethacrylate #5 Width Nil Nil Nil —- 1.0 — 1.5 
t 60 j Thickness Nil Nil +,0.2 + 1.5 + 2.0 
July ( Length Nil Nil Nil — 0.5 — 0.7 
E: (e) | Polystyrene “,. - is 4 Width Nil Nil Nil — 0.5 — 0.8 
that A | Thickness Nil Nil — 0.5 — 1.0 - 1.0 
OP ( Length Nil Nil Nil -0.5 | —07 
sun (f) | Polystyrene era ds Width Nil Nil Nil — 0.5 — 0.7 
all Thickness Nil Nil — 0.5 — 1.0 — 1.0 
t to Length Nil Nil Nil — 1.0 | —10.0 
({g) | Polyvinylchloride eA Ps Width Nil Nil Nil + 0.5 + 5.0 
lose Thickness Nil Nil Nil + 3.0 + 8.0 
cage Length Nil Nil —0.5 | —3.0 | —8.0 
the (h) | Polyvinylchloride a & Width Nil Nil Nil Nil + 1.0 
nee Thickness Nil Nil + 0.5 + 4.5 + 9.5 
very (i) | Cast phenolic resin Length Nil — 0.4 — 0.9 — 1.5 ~ 1.8 
| (yellow) Fy Width Nil eb = OF — tO bee 
rent Thickness Nil —04 | -O8 | —1.2 | —1.5 
ndi- (i) | Cast phenolic resin ( Length Nil — 0.3 — 0.7 — 1.0 — 1.3 
now (colourless) is Width Nil — 0.5 — 0.9 — 1.3 — 1.5 
7 Thickness Nil — 0.4 — 0.8 — 1.5 — 1.7 
ve 
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Table No. 7.—Influence of Continuous Immersion of Glass-clear Plastics in Water 
at 20/25°C. All Dimensional Changes Positive (Increase). 

















Total increase in dimensions per cent. 
Nominal 
ee Material thickness, Period of immersion in days 
: inches Dimension 
! 7 30 100 
~ Length 1.0 1.0 t2 1.5 
(a) Celflose acetate “".. a és He < Width 1.0 1.2 1.5 2.0 
| Thickness 1.0 5 2.0 2.5 
( Length 0.5 0.5 0.7 1.0 
(b) Cellulose acetate ., - Ry. & < Width 1.0 1.2 1.5 2.0 
L Thickness 1.0 tea 1.8 2.5 
{ Length Nil Nil Nil Nil 
(c) Polymethylmethacrylate .. ° .. ds + Width Nil Nil Nil Nil 
L Thickness Nil Nil Nil 0.4 
( Length Nil Nil Nil Nil 
(d) Polymethylmethacrylate - + Width Nil Nil Nil Nil 
Thickness Nil Nil Nil 0.5 
{ Length Nil Nil Nil Nil 
(e) Polystyrene .. . oni on 2 < Width Nil Nil Nil Nil 
L Thickness Nil Nil Nil Nil 
{ Length Nil Nil Nil Nil 
(f) Polystyrene i> ~ Width Nil Nil Nil Nil 
L Thickness Nil Nil Nil Nil 
{ Length Nil Nil Nil Nil 
(g) Polyvinyl chloride .. = i db 4 Width Nil Nil Nil Nil 
\ Thickness Nil Nil 0.8 1.5 
* Length Nil Nil Nil Nil 
(h) Polyvinyl! chloride ts y Width Nil Nil Nil Nil 
| Thickness Nil Nil 0.7 2.0 
{ Length Nil 0.5 hea 2.0 
(i) Cast phenolic resin (yellow) S% fs < Width Nil Nil 0.3 0.5 
; L Thickness Nil Nil 0.3 0.5 
Length 1.0 3.5 5.0 7.0 
(i) Cast phenolic resin (colourless) .. is { Width 0.4 2.0 2.8 3.0 
Thickness 0.5 2.0 2.5 3.0 























colourless cast resin on the other hand 
rapidly responds and finally reveals excep- 
tionally large increases. Incidentally, this 
material tended to blister. 

Table No. 5 records the performance of 
the materials under the cyclic humidity 
test that combines temperature and 
humidity changes. Conditions comprised 
a temperature of 55-60 degrees C. during 
the day with approximately 70 per cent. 
humidity, cooling off at night to atmos- 
pheric temperature, humidity rising to 100 
per cent. with condensation. The cellu- 
lose acetate in both thicknesses shows a 
progressive decrease in length or longer 
dimension, and a swelling or increase in 
the two smaller dimensions. These 


changes are appreciable and furthermore 
although the rate of the movement falls 
off with time, there is no assurance that 





finality has been reached at the end of the 
period. The two methacrylate sheets show 
almost negligible movement, decrease in 
length and increase in thickness, no 
change in width. This material therefore 
suggests great stability of dimensions 
under the combined conditions. The 
polystyrene sheets show even greater 
stability. The polyvinyl chloride sheets 
reveal changes somewhat similar to those 
in cellulose acetate, but to a rather more 
marked degree, The cast resins are some- 
what slower in their response to the con- 
ditions initially, but show ultimately com- 
paratively large movement, decrease in 
length and increase in width and 
thickness. 

Viewing the serviceability of these 
materials broadly from the foregoing 
results, it can be seen that cellulose acetate 
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(COLOURED) 
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PERIOD OF EXPOSURE IN DAYS 


Fig. 6.—Change in dimensions under 
cyclic humidity tests. 
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Fig. 7—Change in dimensions under 
dry heat at 60°C. 
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Fig. 8.—Increase in dimensions under 
water immersion test. 
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‘‘ breathes ’’ appreciably under changing 
conditions. It shows a large contraction 
under a change to dry conditions and an 
appreciable expansion under wet condi- 
tions. Under combined fluctuations. of 
temperature and moisture it expands in 
some directions and shrinks in others. In 
comparison with the cellulose acetates, the 
methacrylates and polystyrols suggest 
stability under all the conditions, their 
only weakness being towards continued 
dry heat, but even here they are much 
superior to the acetates. Heat, too, is the 
enemy of the polyvinyl chlorides; they 
are poor in this respect. But under cool 
conditions they are quite sound. With 
regard to the cast resins, the water white 
variety cannot be regarded as stable due 
to its poor performance under water 
immersion, but the transparent coloured 
forms show some superiority over acetate. 

For ease of visualization, the dimen- 
sional change data from Tables Nos. 5, 
6 and 7 have been averaged and repro- 
duced pictorially in Figs. 6, 7 and 8. 

Naturally, there are considerations other 
than stability of dimensions. Impact 
strength is one of the most important of 
properties; cellulose acetate heads the list, 
the impact strength values of the other 
materials ranging between 10 per cent. 
and 25 per cent. of that of acetate, gener- 
ally with the following order of merit: 
polyvinyl chloride, methacrylate, poly- 
styrol. Nevertheless, this shortcoming has 
not prevented wide and successful adop- 
tion of all these plastics. 

Transparency may be an important 
quality. Cellulose acetate is good in this 
respect, but for crystal clarity methacry- 
late is ideal. Polystyrol is good but 
polyvinyl chloride usually possesses a 
darkish tinge of a greenish yellow nature. 

Whilst cellulose acetate has been the 
most generally employed plastic in this 
field, polymethyl methacrylate has 
replaced it extensively in the more 
critical cases. 


3. Extrusion or Moulding Processes 

Although large quantities of plastic 
materials are applied to metals for various 
specific purposes, the amount used solely 
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with the object of metal protection is rela- 
tively small. This field offers many pos- 
sibilities for the future. 

Rubber in various grades has long since 
been extensively employed as a covering 
for electrical conductors, being applied by 
extrusion or lapping processes. Polyvinyl 
chloride is replacing rubber to some extent 
to-day in this direction because of the ease 
with which it can be applied, while poly- 
styrene base plastics and polythene are 
similarly being employed with advantages 
in specific electrical properties such as 
power factor. A combined electrical and 
mechanical application of rubber is for 
covering cable hooks and brackets. These, 
of steel, are covered with a rubber-sulphur 
mixture which is vulcanized in situ. The 
thickness of coating thus employed ranges 
from 0.020 in. to 0.040 in. according to 
the size of the article. The rubber cover- 
ing is a hard ebonite-like coating which 
adheres excellently, is permanent, gives 
complete immunity from corrosion, sound 
electric strength, and superior resistance 
to the wear and abrasion from cabling 
being pulled over the hooks to that pro- 
vided by any other covering, e.g., cotton 
tape and varnish, vitreous enamel, 
extruded cellulose acetate or polyvinyl 
chloride. 

Rubber does rigorously hold one metal 
protection field, viz., as a lining for 
chemical plant. Soft and hard rubbers 
are used, either vulcanized in position or 
secured with special adhesives. They are 
chosen for their good resistance to chemi- 
cal solutions both acid and alkali, and 
for the good service they give even at 
elevated temperatures, up to 180-185 
degrees F. Not only are rubber coverings 
used in the purely chemical industry, but 
also in numerous chemical and electro- 
chemical processes in engineering. Thus 
the majority of modern electro-plating 
vats are hard rubber lined, as well as 
many pickling and cleaning tanks, bon- 
derizing and parkerizing plants. 

It is possible that the thermosetting 
plastics may yet enter this field; in fact 
they are already on the verge of it. Poly- 
vinyl] chloride is used in tubular form for 


hose and piping for carrying acids, so the ° 
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possibilities of this material as a chemical- 
resisting coating are not too remote. Cellu- 
lose acetate is extensively used as a 
moulded or extruded coating for hand 
rails, handles, hand wheels, knobs, bezels 
and the like. The base metal here can be 
one of many, steel, brass, aluminium alloy 
and zinc base castings all having been 
successfully covered. Acetate is primarily 
used for these purposes on account of the 
ease with which it can be applied, but it 
is also selected for artistic reasons. 
Colour can be selected to harmonize with 
the main scheme involved, the coating can 
be given a high polish, and it retains its 
decorative qualities. However, while cel- 
lulose acetate coatings can be regarded 
as permanent in the broad sense for 
critical applications, tendencies for this 
plastic to harden by ageing, to shrink or 
expand under fluctuating atmospheric 
conditions, and to permit moisture vapour 
to pass through, must not be overlooked. 

An extruded black cellulose acetate 
coating on steel was compared with a hard 
rubber covering. Both were 0.020 in. in 
thickness. On the cyclic humidity test for 
30 days the rubber-covered sample proved 
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entirely unaffected, whereas the acetate 
sample showed slight embrittlement of the 
coating and slight rusting of the steel 
beneath it. The softening temperatures of 
the plastic coverings were of the same 
order, 100 degrees C. for the rubber and 
110 degrees C. for the acetate material. 

The rubber hydrochloride plastic is also 
used for chemical protection. Applied 
from solution, it is an effective ‘‘ stop- 
ping-off ’’ coating for electro-plating racks 
and jigs. This application was dealt with 
in some detail in ‘‘ Plastics,’’ September, 
1940, issue. The solution method is a con- 
venient mode of applying effective pro- 
tective coatings of this nature for 
temporary or short-life purposes. 

An endeavour has been made in the 
foregoing to be comprehensive without 
being exhaustive, with respect either to 
materials or to their properties and appli- 
cations. Obviously in an ever-growing 
industry such as that represented by 
plastics, new materials, improved pro- 
ducts and newly exploited properties can 
rapidly change the outlook, although the 
fundamentals that inspire development 
and change remain largely unchanged. 








Shellac Research 


The latest report of the Indian Lac Cess 
Committee includes the following informa- 
tion regarding new developments in con- 
nection with the shellac plastics industry:— 


(1) Manufacture of moulding powders 
by the ‘‘ dry process,’’ i.e., by mixing 
the ingredients between. hot rollers for 
obtaining thorough incorporation and 
avoiding the use and recovery of rectified 
spirit. 

(2) Use of milk-casein, and proteins 
from soya bean, tamarind seeds, etc., in 
conjunction with shellac. 

The preliminary investigations show 
promise of success and further 
work is in progress. 

(3) Preparation of urea from calcium 
cyanamide and formalin from ethyl 
alcohol has shown promise of economical 
large-scale development. 

(4) The use of shellac moulded articles 
for the needs of the Government Medical 


Stores was pronounced to be satisfactory 
for certain items, where imported vul- 
canite ones were used in the past. 


(5) Shellac moulding powders and 
laminated paper boards prepared at the 
Institute have been found satisfactory for 
certain pressure moulded or laminated 
radio parts, 


The injection moulding powders based on 
shellac have reached the stage of commer- 
cial exploitation and the properties have 
been considerably improved successively by 
use of urea, then guanidine and, finally, 
guanyl-urea. A cheap and abundant filler 
has been found in waste jute, which costs 
practically nothing except the cost of collec- 
tion and transport. Thousands of injection 
moulded switches were placed on the market 
and were pronounced satisfactory, and the 
scope for bottle caps seems promising. Two 
firms in Australia are fast developing injec- 
tion moulding of shellac thermoplastics 
with the help and advice of the Indian Lac 
Research Institute. 
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PRODUCTION 
NEwsS 


LESTER INJECTION MOULDING 
MACHINES.— Dowding .and Doll, Ltd., 
Wimbledon Common, London, S.W.19, the 
agents in this country for these well-known 
machines, has sent us a copy of a new loose- 
leaf catalogue containing illustrations and 
specifications for the range available. The 
types described so far are 6-0z., 8-oz. and 
12-0z, machines with moulding areas rang- 
ing from 60-150 sq. ins. The specifications 
are models of clear exposition and include 
fulb data on capacity, sizes and duties of 
plunger, die plates, power consumption, 
hydraulic pump capacity, floor space 
required, etc. 

Dowding and Doll, Ltd., also sends us a 
copy of a paper entitled ‘‘ Automatic 
Cycling of Power, Heat, and _ Process 
Timing,’’ compiled by the Lester Engineer- 
ing Co., which won an award in the Seventh 
Annual Electrical Manufacturing Product 
Design Contest in the U.S.A. 


H.P.M. INJECTION MOULDING 
MACHINES.—We have also received a 
number of pamphlets describing the latest 
products of the Hydraulic Press Manufac- 
turing Co., Ohio, U.S.A., from the British 
agents, A. C. Wickman, Ltd., Coventry. 
There are some five models described, vary- 
ing from 2 oz. to 36 oz. powder per cycle, 
and mould areas from 150 sq. ins. to over 
1,700 sq. ins. 


CONCENTRATION OF THE RUBBER 
INDUSTRY.—We have received the follow- 
ing letter from the India Rubber Manufac- 
turers’ Association : — 

Arising from the restricted supply of raw 
rubber, it can confidently be expected that 
it will not be long before the rubber manu- 
facturing industry is officially listed for 
concentration. 

It will not be a subject with which it will 
be easy to deal, having regard to the variety 
of goods made under each roof. 

It will, however, be obvious to everyone 
that, apart from the need for concentration 
in the national interest, there is also the 
need of the individual manufacturer who 
finds that he is left with a number of depart- 
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Raw Materials, New Plant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


ments which cannot be run efficiently on 
the volume of rubber licensed for the 
purposes involved. - 

There is not much doubt that voluntary 
arrangements to bring about concentration 
would result in quicker and better results 
than if an official scheme had to be worked 
out. 

Manufacturers are advised, therefore, to 
consider what departments in their factories 
are not likely to bring them efficient results, 
having regard to the reduced volume of pro- 


duction, and to contact with other 
manufacturers who will be in_ similar 
circumstances, with a view to making 
some individual bargains which, if the 


Board of Trade approves, could be adopted 
without delay. 

The India Rubber Manufacturers’ Asso- 
ciation is prepared to keep a register of 
those manufacturers desiring to be placed 
in touch with others in connection with 
this subject, and to do what it can to make 
any necessary introduction. The address 
of the I.R.M.A. is: The Royal Exchange 
(Rooms 236 and 237), Cross _ Street, 
Manchester, 2. 


BRITISH PLASTICS FEDERATION.— 
The Moulders’ Section of the Federation 
recently decided to appoint its own 
Technical Committee consisting of 16 firms 
and to place the services of the committee 
at the disposal of all the Government and 
Service Departments and _ of _ various 
technical institutions such as the Institu- 
tion of Mechanical Engineers; Institution of 
Electrical Engineers; B.E/A.M.A.; British 
Standards Institution, etc. 

The terms of reference of this committee 
are broadly as hereunder and the members 
of the Moulders’ Section are being 
encouraged to refer technical matters to the 
committee and to pool research information 
for. the benefit of the moulding branch of 
the Plastics Industry as a whole:— 

(a) To handle technical matters referred 
to the committee by the Moulders’ Section. 

(b) To report to the Moulders’ Section the 
results of the committee’s deliberations. 

(c) The scope of the committee’s delibera- 
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tions should be limited to technical matters 
concerning the manufacture of mouldings. 

(d) To seek to promote and effect liaison 
between the Moulders’ Section and the 
various Government Departments, technical 
institutions and similar bodies, on all 
relevant technical matters. 

(e) To form panels, or sub-committees, of 
the main Technical Committee to deal with 
particular subjects, e.g. (i) tolerances for 
mouldings, (ii) compression moulding, (iii) 
injection moulding, (iv) tooling and plant. 

(f) To have power to co-opt. 

Replies have \been received from the 
Principal Priority Officer of the Admiralty, 
the Plastics Advisor to the Ministry of 
Supply, and the Director of Armaments 
Development at the Ministry of Aircraft 
Production, indicating their willingness to 
take active advantage of the services of the 
Committee. Similar promises of co-opera- 
tion have been received from the Electrical 
and Allied Fittings Association, the British 
Electrical and Industries Research Associa- 
tion, the British Electrical and Allied 
Manufacturers’ Association, the Institution 
of Mechanical Engineers, the Institution of 
Electrical Engineers, and the _ British 
Standards Institution. 


COLLOIDAL AND AMORPHOUS 
MATERIALS.—An_ extremely valuable 
book for chemists has just been published 
by the MacMillan Co., of New York, under 
the title ‘‘ Industrial Chemistry of Colloidal 
and Amorphous Material,’ price $5.50. 
The three authors are known to every 
British chemist and chemical engineer: Dr. 
W. K. Lewis, Professor in the Department 
of Chemical Engineering, Massachusetts 
Institute of Technology ; Lombard Squires, 
of E. I. Du Pont de Nemours Co.; and 
Dr. Geoffrey Broughton, of the Eastman 
Kodak Co. These names are sufficient to 
ensure the importance of the book. 

Whereas the chemist starting the study 
of most branches of industrial chemistry 
has a good background of training in 
inorganic, organic and physical chemistry, 
this is not so in the fields of non-crystalline 
matter, that is of the colloidal and 
amorphous types. The understanding of 
many phenomena of outstanding industrial 
importance, especially the inter-relation- 
ships between colloid and amorphous states, 
has been seriously lacking. 

This in large part has been responsible 
for the difficulties and problems ‘in the 
plastics industry, which occupies one 
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important section of the matter in this 
book, and the matevials of which are almost 
wholly amorphous in character. 

With the foregoing in view, the authors 
begin with a fairly simple consideration of 
the Structure of Liquids, Viscosity, Surface 
Tension and _ Orientation, Adsorption, 
Suspensoids, Amorphous Solids, Emulsoids, 
Electrical Behaviour of Colloids, Gelation, 
Crystalline and Amorphous States. The 
remainder of the book is then applied to a 


study of the industrial applications of 
colloids and amorphous materials and 
covers Glass, Paper, Leather, Rubber, 


Plastic Fibres, Ceramic Industries, 
thetic Resins and Plastics, and Fibres. 
We therefore get « very comprehensive 
view of the plastics industry which is not 
merely a lone branch of chemical and 
physico-chemical science, but one closely 
allied to other industries which deal with 
non-crystalline forms of matter. The 
authors not only put the plastics industry 
in its proper perspective and in its proper 
place, but give plastic chemists and tech- 
nologists a powerful weapon for the better 
understanding of the materials they produce. 
We once said there was a_ sufficient 
nuinber of chemical and physical books on 
plastics. Dr. G. Kline, the well-known 
American plastics technologist, said this 
was not true. He was right. The present 
book was needed to fill an important gap. 


Syn- 


QUALITY CONTROL CHARTS.—The 
meeting to arouse interest in the application 
of statistical control of the quality of 
materials and manufactured products, which 
was held on April 15 under the egis of 
the Institutions of Civil, Mechanica] and 
Electrical Engineers, with the support of 
the Engineering Advisory Committee of the 
War Cabinet, has focused attention on two 
publications issued by the British Standards 
Institution. The first of these, B.S, 600 R, 
entitled ‘‘ Quality Control Charts,’’ deals 
comprehensively with the construction and 
use of control charts and gives enough of the 
underlying statistical theory to enable the 
production engineer to appreciate the signi- 
ficance of the instructions given for the use 
of the charts. A full understanding of these 
underlying principles, while obviously an 
advantage, is not absolutely essential 
before making a start in the practical appli- 
cation of statistical methods of quality 
control. For those who desire to put the 
methods into practice without bothering 
about the statistical theory, concise instruc- 
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tions are given in the second B.S.I. publica- 
tion referred to above, namely, B.S, 1008, 
‘Guide for Quality Control and Control 
Chart Method of Analysing Data.’’ Both 
are obtainable from the British Standards 
Institution, 28, Victoria Street, London. 


ADVISORY SERVICE ON PLASTICS.— 
This branch of the Ministry of Supply has 
changed its name to Advisory Service on 
Plastics and Rubber, thus extending its 
activities. The address has also been 
changed to Berkeley Court, Glentworth 
Street, London, N.W.1. 


WOMEN’S TECHNICAL SERVICE 
REGISTER.—The calling up of young men 
with technical qualifications and the con- 
tinued expansion of the engineering indus- 
try to meet the requirements of the Forces 
are giving rise to vacancies which will have 
to be filled by women. Already certain 
firms have trained .women to fill with 
success posts such as the following:— 

Instructors in works training schools. 

Junior draughtswomen. 

Assistants in planning production and 
progress departments. 

Motion or time-study workers, 

Engine testers. 

Electrical technicians and testers. 

Laboratory assistants for radio and 
other branches of research. 

Assistants in mechanical testing and 
metallurgical departments. 

Inspectors, examiners or assistant 
examiners for higher-grade work. 

Many firms are anxious to employ women 
in this way, and to meet the anticipated 
demand the Ministry of Labour and 
National Service are opening a section of 
the newly formed Appointments Register to 
be called the ‘‘ Women’s Technical Service 
Register.’’ 

To meet requirements the Ministry is pre- 
pared to give the following courses of 
training in association with the Board of 
Education to suitable candidates when this 
is justified by demands. All these courses 
are of 16 weeks’ duration:— 

(1) A basic course in workshop prac- 
tice. This will include practical experi- 
ence in the fitting shop and on all the 
usual types of aihles tool. Some weeks 
will be spent in the drawing office and in 
the Inspection Department. Frequent 
lectures will be included. During the last 
three weeks the training may be biased to 
meet the needs of a particular firm. 

(2) An abridged draughtsmanship 
course which aims primarily at producing 
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junior draughtswomen capable of making 
detail drawings from assembly, drawings, 
or vice versa, and doing elementary 
calculations. 

(3) An intensive inspection course, to 
include both theoretical and _ practical 
approach to inspection, emphasis being 
laid on the materials used in war produc. 
tion, mechanical and hardness testing, 
heat treatment, as well as_ precision 
measuring and gauging methods. 

(4) A practical electrical course cover- 
ing the fundamental principles of elec. 
trical installation and testing, 


LACRINOID PRODUCTS.—We have 
received the chairman’s statement which 
accompanies the latest report of this com- 
pany. He sees a great demand for the 
company’s products after the war in an ever- 
widening range of applications. The com- 
pany’s profits have increased from £16,493 
to £25,457. A large proportion of earnings is 
absorbed by E.P.T., and it has been neces- 
sary to increase the tax reserve by £19,250, 
It is, however, possible to recommend a 
final dividend of 5 per cent., which makes 
the total distribution for the year one of 
9 per cent. 


EXPORT SMUGGLING TO EIRE.—The 
Board of Trade wish to remind exporters 
that many classes of goods are prohibited 
to be exported from Great Britain or 
Northern Ireland to Eire except under the 
authority of a Board of Trade export licence 
and that breaches of the prohibitions (e.g., 
the despatch to Northern Ireland of goods 
intended for onward transmission to Eire 
without licence) are punishable. 

A new Defence Regulation has now been 
made to deal with the smuggling across the 
land boundary to: Eire’, which is known to 
have been taking place in recent months. 
The general effect of the new measures is 
that where goods, the export of which to 
Eire is prohibited, are found at any place in 
Northern Ireland and are suspected by 4 
Customs Officer to be intended for exporta- 
tion, any person possessing or having con- 
trol of such goods may be required to 
furnish proof either that the goods are not 
intended for exportation or that their 
exportation is not unlawful. 








The fact that goods made of raw materials 

in short supply because of war conditions are 

advertised in this journal should not be taken 

as an indication that they are necessarily 
available for export. 
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Resinoids and Other Plastics 


as Film Formers 


By B. J. BRAJNIKOFF, 


Consulting Electrical Engineer 


VII.—Control of the Polyvinyl Chloride 
Resinification Process 


HE survey of latest data on the 

structural characteristics of organic 
coatings, as outlined in Section IV of this 
work, affords the criteria for the distinc- 
tion between chain, net and_ space 
polymers to be drawn, and the relation- 
ships between molecular configurations 
and chemical features of resinoids to 
be discerned. 

Turning now from the general theory 
to the analysis of the vinylchloride 
resinification process, it should be 
realized that recent advances made in 
studying this problem have illuminated 
many points bearing on the _ specific 
solvency, plasticity, elasticity and other 
theological aspects of the products, and 
thus has brought much nearer the pre- 
cision of the polymerization control. 


The Propagation of Chains 


In the light of the existing knowledge 
the mechanism of the polymerization of 
vinylchlorides is interpreted as a process 
of linking monomeric vinylchloride 
groups into chain-like configurations due 
to primary (or covalent) forces, that 
operate atsthe opening of the double bond. 

The initiation of chain formation may 
take place either as a branch-like com- 
bination of monomers preceded by the 
migration of hydrogen, or as a typical 
chain reaction, when the polymerization is 
preceded by the so-called induction period 
of molecular activation of varying dura- 
tion, depending on conditions, after which 
the polymerizing action. is effected 
instantly with the formation of macro- 
molecules through the union of monomers 
by covalent forces actuated by the open- 
ing of double bonds. 

The determination of the specific vis- 


cosity of polymers liberated at different 
stages of the process gives, approxi- 
mately, equivalent results (within the 
limits of experimental errors); the conclu- 
sion that can be drawn from the above 
observation is that for given conditions of 
the polymerization, from the beginning 
of reaction the growth of chains reaches 
a definite limit; if continued, the poly- 
merization procedure merely results in the 
propagation of repetitive units of equi- 
molecular weight. This clearly suggests 
that, should the polymerization conditions 
be stabilized, it is always possible to 
obtain resinoids of the same degree of 
polymerization. 

Hence, the polymerization process of 
the vinylchloride may be thought of as 
conforming to the type of chain reactions, 
characterized by the formation of filamen- 
tary molecules of definite length. The 
occurrence of similar type of chain reac- 
tions in the polymerization of styrol has 
been proved by Staudinger and Frost,%9 
and in polymerizing vinylacetate was 
shown by Staudinger and Taylor.” 

The comparison of data concerning the 
solubility of vinylchloride polymers 
derived at various periods of the reaction 
with their respective specific viscosity in 
benzol, reveals that the longest chains are 
formed from the start, since the proba- 
bility of the disruption of these string- 
like molecules is at a minimum. As the 
chains accumulate and propagate, their 
length diminishes somewhat. It is also 
possible to allow for the presence of other 
phenomena connected with the splitting 
off of hydrochloric acid and interlinking 
of chains by primary valencies, which 
should result in the reduced solubility of 
vinylchloride polymers in a polar solvent. 
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This is readily exemplified by the 
decrease of solubility of polymers in 
acetone, as polymerization progresses in 
time. 

Branching of Chains 


The average degree of the polymeriza- 
tion of technical vinylchloride polymers 
is of the order of 1,000-2,500, with their 
molecular weights from 60,000 to 150,000 
respectively. 

Staudinger suggests that polyvinyl- 
chloride molecules are not all string-like, 
in a strict sense of the term, but are also 
branching groups, like polystyrenes, 
wherein the branching is the greater the 
higher the degree of the polymerization of 
a given product. As an evidence support- 
ing this view of the complex structure of 
polyvinylchloride molecules may be cited 
their inadequate chlorine content. 
Branching may occur due to splitting off 
of the hydrogen chloride group, an com- 
plexity in molecular shape may result. 

Side reactions of this kind do not 
depend upon the temperature of the poly- 
merization, and for 50-100 truly 
filamentary molecules there is one branch- 
ing group. According to this interpreta- 
tion, the polymerization of vinylchloride 
should give rise to the formation of a mix- 
ture of polymer-homologues, where, side 
by side with linear molecules, there will 
also be found branching systems, and the 
higher the degree of the polymerization, 
under general operating conditions, the 
more reasons to expect a greater ratio of 
branching molecules. 

The separation of these two types of 
macromolecules and investigation of each 
of them individually so far has not been 
accomplished. Yet their presence in the 
mixture, even in a relatively small 
amount, causes a considerable modifica- 
tion in the structure and physical proper- 
ties of a polymer. The tools of 
chemistry have proved to be inadequate 
in detecting their simultaneous presence 
in the product. 

This may provide an explanation for 
the difference in values of molecular 
weight determined by the viscosimetric 
and osmotic methods, as has been demon- 
trated by Staudinger and his co-workers. 
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Possibly, all three types of molecules— 
filamentary in the true sense of the 
term, bent (interlaced) and branching, are 
present simultaneously. 

The finding of a correct answer to this 
interesting question, which is of prime 
importance to the study of macro-molecu- 
lar organic combinations — generally, 
would result in a greater mastery of the 
vinylchloride resinification process; by 
controlling the degree of the polymeriza- 
tion the technologist will then be enabled 
to produce most effective polymers which 
are strictly reproducible. 

According to the effect of suitable 
solvents upon colloidal products, 
Staudinger classified the chain-length 
of linear polymers by the following 
characteristics : — 

(a) hemi-colloids, with chain-length of 


° P 
50—250 A, and molecular weight > 
10,000, giving true solutions; the films 
derived from them are rather brittle, with 
a relatively low softening point; 

(b) mesocolloids, with the chain-length 
250—2,500 A, which, after swelling, yield 
highly viscous solutions; 

(c) eucolloids, having the chain-length 
> 2,500 A, with the upper range of mole- 
cular weights up to 10°—105, they are 
difficult. to disperse and give solutions of 
anomalous viscosity, which may be 
reduced by thermal treatment, producing 
strong and tough coatings. 


Polymerization Methods Compared 


It is important to note at this point 
that during the past five years increasing 
attention has been given by investigators 
to the development of the improved 
technique for polymerizing unsaturated 
compounds in an emulsion form, owing 
to the peculiar advantages it presents. 

The progress made recently in this 
direction is primarily due to researches 
of Staudinger and his school; the task 
they set themselves was a concentration 
of efforts in finding out the constitution, 
shape and size of resinous macromole- 
cules, and correlating their molecular 
weights with the viscosity of colloidal 
systems (in solutions and emulsions) if 
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various degrees of the polymerization, on 
a mathematical basis. 

In this respect a great deal of informa- 
tion can be found in Staudinger’s experi- 
mental study of the theory of emulsion 
polymerization methods for various 
synthetic resins that have a direct bearing 
on requirements of film-forming deriva- 
tives. 

Staudinger has noticed that the poly- 
merization of styrene in emulsions leads 
to the formation of polymers with higher 
molecular weight with appreciably 
shortened periods of reaction time. 

Colloidal systems used by Staudinger 
in these studies were prepared according 
to the process developed by the I.G. 
Farbenindustrie in Germany; by using 
water as the dispersing phase the suspen- 
sions of styrol were homogenized with 
5 per cent. solution of sodium oleate, 
resulting in emulsions with 20 to 50 per 
cent, of styrol content.41 The polymeriza- 
tion rate of such emulsions is much 
greater than that of pure styrol. Whereas 
the time required for polymerizing pure 
styrol at 30 degrees to 60 degrees C. is 
of the order of one to two months, the 
polymerization of the above-mentioned 
emulsions at 30 degrees to 100 degrees C. 
can be accomplished in 2—6 days. 

According to Staudinger, the variations 
in molecular weights of pure styrol poly- 
mers and those obtained in emulsions are 
very considerable, as indicated below. 


Table 1.—Variations in Molecular Weights of 
Polymers Produced by Different Polymeri- 
zation Methods. 











' Temperature of Molecular Weight of Polymers 
Polymerization of 
“Be” | From Pure Styrot| From Styrol in 
30 600,000 750,000 
60 350,000 400,000 
100 120,000 175,000 








In Staudinger’s view, the polymeriza- 
tion in emulsions strongly favours the 
formation of numerous activated spots on 
the surface of particles, which give rise to 
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a particularly reactive nucleus or germ for 
promoting chain reactions, and _ the 
process is, therefore, accelerated. 

From these experiments it follows that 
by polymerizing vinylchloride,. acrylic 
esters, butadienoid systems, etc., in 
aqueous medium it is possible to obtain 
high moiecuiar polymers within a much 
shorter period than by the pclymerization 
in a waterless phase, thus pointing the 
way towards solving the problem of 
producing high-quality polymers. 

In order fully to realize the advantages 
of the emulsion method, it is best to com- 
pare it with polymerization in solution. 

In contradistinction to the alcohol or 
acetone process, the emulsion method is 
distinguished by a greatly shortened and 
simplified production scheme. This is 
due both to the applicatiom of water as 
polymerization medium and to the facility 
for the removing by decantation of the 
mother liquor without waste, after the 
reaction has been completed and the resin 
has been separated by filtration. 

Since other polymerization methods 
require that the valuable mother liquor, 
containing, chiefly, alcohol or acetone, 
should be used again, it incurs inevitable 
losses. 

The most cumbersome polymerization 
method is the acetone or dichlorethane 
process, since in this case vinylchloride 
polymer formed in the reaction chamber 
is instantly turned into solution of the 
respective medium, from which it has to 
be released. This, obviously, necessitates 
that, on termination of the reaction, the 
solution of polyvinylchloride must be 
transferred into another apparatus with 
the object of precipitating the resin. This 
requires that the solution, after it is dis- 
charged from the reaction vessel, should 
be subjected to a suitable treatment, 
usually with an alcohol. The resin 
liberated during this procedure is 
extracted by filtration, and the remaining 
mother liquor, which is, generally, an 
alcohol-acetone mixture, has then to 
undergo further operations of separation 
and rectification in the distillation column. 

These extra operations for liberating the 
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resin and rectifying the mother liquor are 
bound to lead to unavoidable losses, con- 
siderably complicate the process and, in 
comparison with the emulsion method, 
necessitate additional expenditure for 
plant equipment. 


Control of the Polymerization Process 


The frontiers of knowledge of polyvinyl- 
chlorides have been further extended by 
the results of recent researches of 
Pavlovitch aud his collaborators carried 
out at the Plastics Department of the 
Mendeleeff Institute of Chemical Tech- 
nology, in Moscow. 

The importance of the above work 
attaches not only to the marked improve- 
ment in polymerization control, but also 
to advances made in clarifying the role 
of various factors affecting the deforma- 
tion properties of films. By means of 
detailed tests in evaluating the physical 
and chemical behaviour of films, a series 
of interesting relations were shown to 
exist between the composition, tensile 
strength and elongation, as affected by 
the polymerization technique. 

At this juncture it is of interest to recall 
that as lately as 1930, Staudinger, 
Brunner and Feisst!? considered that 
polymers of the vinylchloride, and vinyl- 
bromide, in structural aspects, are hemi- 
colloids and as such, consequently, cannot 
be of much use as plastic materials. 

The production of thermo-polymers of 
vinylchloride* dispelled all doubts that 
arose after the postulation of opinion by 
Staudinger’s school. Similar results of 
studies by Brous and Semon! have led 
to the development of Koroseal in 1935, 
and next year followed by Mipolam and 
other valuable varieties of polyvinyl- 
chlorides. 

In Russia, too, since 1935, the semi- 
scale manufacture of analogous products 
was started, and by 1937 it grew into 
production of polyvinylchloride resins (in 
alcohol medium) on an industrial scale. 

At the end of 1939 Staudinger and 
Schneider, who at that time arrived at 
the conclusion that vinylchloride polymers 
are of the eucolloid nature, have also 
found that the values of molecular weights 


PLASTICS 





MAY, 1942 


for technical products, as determined by 
the osmotic method, are five to eight times 
greater than determinations given by 
means of specific viscosity in dioxane, and 
three to five times higher than those in 
tetrahydrofurane. The specific viscosity 
of dioxane solutions changes proportion- 
ately up to an approximate molecular 
weight of 30,000; beyond this limit it 
varies to a negligible extent. In tetra- 
hydrofurane these variations are some- 
what greater, and obey a certain regu- 
larity. 

From the beginning of 1940 the Russian 
production of resins, based on the vinyl- 
chloride, was already organized at several 
works by means of the polymerization in 
alcehol solutions, with the simultaneous 
development of the polymerization 
method in emulsion media. 

As a result of observation made by 
Pavlovitch*® that specific viscosity of 
vinylchloride polymers formed in alcohol 
and acetone solutions does not differ from 
products obtained by polymerizing in 
emulsions, it was possible to evolve a 
method of successive solubility in various 
solvents with the object of contfolling the 
degree of the polymerization of the 
resinous materials. 

With the switching over to production 
of emulsion polymers, using ‘‘ Nekal” 
as emulsifying agent and benzoyl peroxide 
as catalyst, Pavlovitch thought it was of 
practical interest to verify the possibility 
of controlling the molecular weights of 
vinylchloride polymers by means of 
specific viscosity, since this method of 
determination for the works laboratory is 
simple. 

Specific Viscosity Values 

Determinations, of specific viscosity at 
first were made in 0.5 per cent. solution of 
chlorbenzol at 20 degrees C., whereby the 
solution process was carried out by 4 
gentle heating on the water bath till a 
transparent solution was produced. It 
has been found that specific viscosity 
values for polymers derived from emul- 
sions are identical with the products poly- 
merized in alcoho] solution, whereas the 
solubility values and tensile strength of 
films obtained from both varieties showed 
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that the molecular weights of the emul- 
sion polymers were considerably higher 
than those of alcohol products. Prior to 
determination of specific viscosity, poly- 
mers should be purified from an emulsi- 
fying agent by careful washing and dried 
in vacuo at 60 degrees C. till constant 
weight. 

As the data in Table 2 indicate, the 
emulsion polymers give films with strength 
properties over 200 per cent. greater than 
coating derived from alcoholic solutions. 


Table 2.—Characteristics of Vinyl Chloride 
Synthetic Leather Compositions.+6 
Prepared by the Central Research Institute of Leather 
Substitutes, Moscow. Specific viscosity values were 


determined by means of the Ostwald viscosimeter with 
the velocity efflux of Chlorbenzol 32.6 sec. at 20°C. 








Characteristics of Test Specimens ene heen 
Specific viscosity in chlorbenzol 

(solution carried out for | hour 

at 100°C.) + ny ea 0.20 0.28 
Solubility in benzol (solution 

carried out for 4 hour in boiling 

solution) .. * me es 15.7 16.0 
Solubility in acetone 62.8 39.6 
Tensile strength, kg./cm.?, of films, 

with the same ratio of different 

polymers, plasticized with 55 per 

cent. of dibutylphthalate, used 

for coating leather compositions 94 197 
Relative elongation, per cent. .. 124 140 











Particularly instructive are the values of 
solubility in acetone, determinations of 
which are recommended to denote the 
features of polymers. 

Thus the technological and economic 
advantages of emulsion polymerization 
methods, compared to alcohol process, are 
perfectly . obvious. 

It is also of interest to compare the 
kinetics of the polymerization in the 
examined media: alcohol, acetone, and 
aqueous emulsion, with benzoyl peroxide 
as the catalyser; the curve in acetone has 
the most smooth character, the alcohol 
curve is steeper, and in a water phase the 
curve rises more steeply still, signifying 
thereby a drastic shortening of the poly- 
Merization process. 

Thus, in a medium which is solvating 
the polymer, such as acetone, the activa- 
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tion of molecules (induction period) pro- 
gresses appreciably quicker than in media 
with a weak or non-solvating property 
(alcohol, water); on the contrary, the 
growth of a polymer in the former medium 
is rather slow. 

It may be noted that in practice the 
percentage of the polymerization is deter- 
mined by the technological problem of 
producing the reaction mass that can be 
easily stirred for heat flow and readily 
transportable over pipes. In the case of 
acetone with the ratio of the medium to 
the vinylchloride 1:1, this percentage is 
not high (30-40), due to formation of gel 
at a larger percentage; with the alcohol 
medium the figure can be elevated to 50- 
60 per cent.; and in the emulsion phase, 
with gelatine as protective colloid, it was 
possible for Pavlovitch to raise the value 
up to 90-100 per cent. 

From these experiments it is legitimate 
to expect that the same percentage of 
polymerization may be attained in apply- 
ing other emulgators, with corresponding 
values of pH. 

Polymerization in an emulsion medium, 
with .‘‘ Nekal’’ as well as with other 
emulsifying agents in the above studies, is 
accompanied by the coagulation of a 
polymer, which is produced in the powder 
form, remaining in suspension when agi- 
tated and settling down if the stirring be 
stopped. 

Such a method of the polymerization 
can be employed for the production of 
powder-like polymers utilizable by means 
of milling, calendering, pressure and injec- 
tion mouldings, and the like. 

Owing to the thermoplastic nature. of 
polyvinylchlorides, their production .in 
powdery form makes possible many new 
and promising uses via spraying process; 
by means of a pulverizing gun protective 
coatings of suitable thickness can be built 
up in application to any metallic or non- 
metallic base. 


Analytical Characteristics 
A highly important aspect of producing 
vinylchloride polymers in powder form 
is the ease of their manipulation, viz., the 
preparation of solutions for impregnation 
purposes, and others. 
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Since preparation of impregnants by the 
solution process needs solvents which are 
either high-priced (e.g., cyclohexanone, 
methylenechloride, acetals—the condensa- 
tion products of ethylene oxide with 
formaldehyde, and others), or toxic (viz., 
dichlorethane, tetrachlorethane,  chlor- 
benzol, etc.), an alternative way for the 
production of suitable impregnating and 
coating compounds is of the utmost 
importance; an additional reason for this 
is that, with all the foregoing solvents it 
is impossible to produce concentrations 
that are customary with the nitro-cellulose, 
and others. 

Therefore, in order to surmount the 
aforesaid obstacles the polymerization 
process should be conducted in such a 
manner as to give stable emulsions of the 
latex type. 

The experiments performed by Pavlo- 
vitch for this purpose at the Mendeleeff 
Institute, in 1936-37, showed that emul- 
sions of vinylchloride in 5 per cent. solution 
of ‘‘ Nekal,’’ (pH=6 to 7), are entirely 
unstable, and are labile after the poly- 
merization. 

Acidifying the dispersing media with 
acetic acid up to pH =3 increases the 
emulsion stability, yet it fails to give quite 
stable latex-like systems. The experi- 
ments with triethanolamine soap showed 
that if it is prepared in ratio of oleic acid 
to triethanolamine 1.6:1 (that is, with a 
slight excess of the: latter substituent over 
the quantity as required theoretically), 
the application of this emulgent in 5 per 
cent. solutions produces stable emulsions 
in sealed test tubes, which coagulate on 
opening. 

The reason for this coagulation is that, 
with the opening of test tubes, the unpoly- 
merized vinylchloride, in proportion of 
about 30 per cent. of the original amount, 
is being released and escapes by vaporiza- 
tion; prior to opening, emulsion is cooled 
with ice, and during evaporation of the 
vinylchloride, it cools further still. 

The most stable emulsions have been 
obtained by applying the product of con- 
densation of oleic acid with methyl- 
taurine, as emulgator, in acid medium 
at pH = 3 (acidified with acetic acid). 
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In view of the availability of 
‘‘Nekal’’ as emulsifier, the experiments 
since 1940 have been directed towards 
producing stable emulsions using 
‘‘ Nekal,’’ with the simultaneous realiza- 
tion of the method for obtaining synthetic 
lactices from vinylchloride polymers onan 
industrial scale, which proved their value 
not only in the treatment of fabrics, 
leather and its substitutes, but also in the 
manufacture of composite plastics of the 
textolith and the like. 


Experimental Methods 

In Pavlovitch’s experiments the emul- 
sions have been made by emulsifying one 
part of vinylchloride in two parts of water 
containing the following emulgators: (1) 
‘“Nekal’’ (sodium salt of  isobutyl- 
naphthalene-sulphonic acid) in propor- 
tion of 5 per cent.; (2) triethanolamine 
soap of oleic acid in the amount of 
5 per cent.; (3) sodium abietinate (colo- 
phony soap), 5 per cent.; (4) glucose, 5 
per cent.; (5) gelatine, 7.5 per cent.; 
(6) revertex (the natural rubber latex 
concentrated up to 60 per cent.) in (a) 
acidic medium at approximate pH =3-— 
3.5 and in (b) alkaline medium at about 
pH = 8. 

The polymerization of the above-men- 
tioned emulsions, catalysed by _ the 
addition of benzoyl peroxide in propor- 
tion of 1.5 per cent. of the vinylchloride 
monomer, has been conducted in glass 
test tubes, fitted with the rocking device, 
with the six hours’ heating daily at 
50 degrees C., during four working days. 

In all cases of polymerizing these emul- 
sions, as the reaction advanced, the poly- 
mers coagulated, with the exception of 
triethanolamine soap of oleic acid, which 
yielded coagulum only after opening test 
tubes. In each case’ the polymers formed 
were white opaque resins whose character- 
istics cannot be determined by the specific 
viscosity method owing to difficulty of 
their solubility. 

For this reason it has been decided to 
make determinations of polymeric features 
by resorting to Ostromislensky’s classi- 
fication method, based on _ differential 
solubility of polyvinylchlorides in various 
solvents. 
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Comparing the percentage solubility 
figures of polymers formed in emulsions, 
with products of the polymerization in 
solutions, reveals that the values for 
emulsion derivatives considerably exceed 
those for acetone and alcohol media. 


Pilot Plant Experiments 

Parallel with the polymerization 
reactions as described above, large-scale 
experiments have also been carried out in 
four autoclaves, two of which were lead- 
lined for polymerizing vinylchloride in 
emulsion, with triethanolamine soap of 
oleic acid, in presence of 1 per cent. of 
benzoyl peroxide, whose products proved 
to be of outstanding merit. The poly- 
merization processes were performed with 
a constant stirring by means of the rock- 
ing device installed in thermostat main- 
tained at 50 degrees C. The duration of 
polymerization reaction was 8-10 days, 
with six hours’ heating up to 50 degrees C. 
daily. The polymer obtained was 
a white solid resin, which after drying 
gives on milling the powdery product. 
The yield of the resin is 66 grammes out 
of 75 grammes of the vinylchloride with 
boiling point — 12 degrees C. 


Evaluation of Results 

The study of the foregoing experiments 
revealed that im solubility the products 
formed may be graded in the following 
order: taking Mipoiam as the standard 
for comparisons, the nearest to it is the 
emulsion polymer produced with 
“ Nekal’’ emulgent, followed by the emul- 
sion polymer derived from  triethanola- 
mine soap of oleic acid, which is slightly 
more soluble than Mipolam; on the other 
hand, the polymer obtained with the gela- 
tine stabilizer, as well as the resin pro- 
duced in presence of sodium abietinate 
emulgent, are distinguished by the 
Superior resistance to the action of sol- 
vents than that of Mipolam. 

Side-by-side with the emulsion pro- 
cesses, Pavlovitch extensively examined 
the thermo-polymerization of  vinyl- 
chloride in various solution media in 
presence of 1.5 per cent. of benzoyl per- 
oxide; the polar solvents used in the 
«xperiments were: acetone, ethyl and iso- 
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butyl alcohols, chlor-benzol; and non- 
polar: benzene, benzol, toluol. 
According to recent researches‘® on the 
connection of the molecular polymeriza- 
tion of a solvent with the degree of associ- 
ation of solute, it could be expected that 
particularly great influence on the nature 
of the polymerization should be exerted 
by acetone, having dipole moment 2.73. 
Owing to interaction of the forces of 
induction between dipole of acetone and 
that of vinylchloride (with dipole 1.66), 
vinylchloride polymers, which are just 
beginning to polymerize, are subjected to 
a powerful dissociative action, with the 
result that molecules will tend to form 
long string-like polymers, and not poly- 
dimensional complexes of short chains, 
since van der Waals’ forces between these 
molecules would be smaller than the 
forces of attraction between them and 


acetone molecules forming  solvating 
envelopes around vinylchloride mole- 
cules.. But these forces of attraction, 


again, are smaller than the normal forces 
linking ,vinylchloride monomers into 
chains. 

For these reasons, the vinylchloride 
molecules in acetone should propagate 
polymers with long chains, and, conse- 
quently, it might be expected that the 
products formed would possess superior 
physical and mechanical properties. 

These hypotheses have, indeed, been 
confirmed; the polymer of vinylchloride 
obtained by polymerizing in acetone solu- 
tion gave the strongest material. 

As the test values shown in Table 3 
demonstrate, the greatest mechanical 
strength is exhibited by films produced 
by polymerizing pure vinylchloride 
without a solvent. However, in view of 
great difficulties of the polymerization in 
the absence of solvent, due to intense 
thermal effect (control of the temperature 
level and the removal of excessive heat) 
inimical to the production of uniform 
resin, the Mendeleeff Institute had to 
switch over the polymerization processes 
in acetone solutions. 

The experiments on the semi-industrial 
scale (in plain and in lead-lined auto- 
claves), under the _ supervision of 
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are, therefore, a — polymers. Generally 


| as regards acetone polymers, it should 


be noted that the first fractions of resin 
are less soluble than both the subsequent 
lotssand the average mixture of all frac- 
tions, and the terminal product approxi- 
mates very closely American vinylites. 

The comparative values of solubility 
data indicate that vinyl chloride polymers 
produced by emulsion method are charac- 
terized by a higher degree of polymeriza- 
tion than acetone derivatives, and are, 
therefore, better fitted for important 
applications. 

Sphere of Utility 


Having regard to the great versatility 
of polyvinyl chlorides it must be perfectly 
clear that in the development of their 
manufacture a careful correlation should 
be made of all the requirements as to the 
range and quality and the ultimate use 
of these resins. 

One of the most important applications 
of vinyl chloride polymers is im the elec- 
trical industry. The average properties 
of technical products may be summarized 
as: sp. gravity, 1.38; sp. heat, 0.244; 
tensile strength, 600-630 kg./cm.?; per- 
mittivity (at 106Hz) 3.1—3.5; mean 
dielectric strength of the order of 50 
KV/mm; tg§ (at Hz and at 20-25 
degrees C.) 0.015-0.02; sp. volume 
resistivity greater than 1018 ohms/cm. 
Advantages: material is stable to the 
action of corona cutting and ozone, imper- 
vious to moisture, highly resistant to cor- 
rosion, non-inflammable, inert to most 
chemicals, resilient and elastic; permanent 
colour effects. 

Plasticized vinyl chlorides are effectiyely 
used for insulation of electrical conductors 
in place of rubber, etc., for making cable 
covers (in place of lead), and various 
other requirements of insulation tech- 
nique. The advantages of utilizing the 
vinyl chloride polymers as lead substi- 
tute in sheathing cables are: substantial 
economic ‘effect in replacing expensive 
non-ferrous metal; considerable reduction 
of weight of cables;. exceptionally high 
resistance to corrosion, particularly to the 
vibrational corrosion, preventing as well 
the electrolytic corrosion. 
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It should not be. forgotten that mere 
plasticizing of the vinyl chloride polymer 
does not impart the best possible qualities 
to the product; in order to develop the 
desired dielectric and other strength 
properties to the maximum, the resin 


must be reinforced with suitable 
ingredients. 
The thermoplasticity of polyvinyl 


chlorides, allowing their softening at cer- 
tain temperature range (which state is 
reversible),- makes these substances 
highly amenable to fabrication technique, 
such as injection and compression mould- 
ing, extrusion, turning, drilling, thermo- 
welding and other mechanical treatment. 
In this connection it is worth mentioning 
that recently the operation of welding 
thermoplastic materials (e.g., Vinylites, 
Mipolam, Vinydur, Astralon and other 
vinyl resins) is rapidly gaining recogni- 
tion in industry, since it permits efficient 
repairs to be made. ; 

The application of the thermo-welding 
method to plastics, which is similar to 
that employed in the case of metals, is 
effected by heating articles made of 
thermoplastics up to the temperature of 
200 to 230 degrees C., corresponding to a 
drastic softening of bodies undergoing the 
treatment, then subjecting them to joint- 
ing, bending, etc., as required. 

Thermo-welding is finding successful 
application in treating both heavy 
thermoplastic masses (e.g., for jointing 
cable sheaths, etc.), as well as in the 
repairing Of surface coatings, coverings 
and the like. 

Recently, several ingenious designs of 
special compact welding apparatus for 
thermoplastics have been developed in 
the U.S.A. and Germany,” using either 
electricity, or a compressed gas (hydro- 
gen, acetylene, or town’s gas) as heating 
media. In operation no contact must be 
allowed to take place between the flame 
and thermoplastics; the softening effect 
on the parts to be welded. is obtained by 
means of a jet of hot air. 


Marine Applications 


Owing to their high resistance to burn- 
ing, vinyl chlorides and their co-polymers 
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are being adopted widely for insulated 
conductors, especially those used on war- 
ships. A particularly notable advance 
has been made in raising the quality of 
enamelled wire. The manufacture of 
enamelled conductors in the United States 
has already become the principal leading 
type of production of the factories which 
turn out copper wires for electrical wind- 
ing; thus, wire coated with polyvinyl- 
formal, known as Formex, is distin- 
guished by the possession of unusual 
thermal stability, elasticity and strength 
of insulating layer. 

The great quantity of cables forming 
an integral part of the electrical equip- 
ment of modern warships makes their ser- 
viceability of extreme importance. On a 
large battleship there may be laid over 
800 kiloms. of electric cables, which 
weigh more than 1,000 tons. It can be 
taken that the weight of the electric 
cables in a warship constitutes, in 
general, from 2 to 4 per cent. of its ton- 
nage (in terms of the displacement); 
even in a small torpedo boat the weight 
of these cables exceeds 35 tons. 

Among these highly polymeric pro- 
ducts, both thermoplastics (e.g., Welvic 
in Great Britain, Koroseal in the U.S.A., 
Tgelit and Plexigum in Germany), and 
vulcanizable rubber-like materials (viz., 
American and British neoprene and 
German Buna) have proved to be of out- 
standing merit, and are at present being 
utilized extensively in sheath-making and 
improving insulation of marine electric 
cables. 


Chemical and Aircraft Applications 

Other fields in which polyvinyl] 
chlorides can be effectively employed 
include the chemical industry, where 
there is a growing need for a material 
with the maximum resistance to chemical 
action, for lining certain machinery and 
plant, such as reaction ‘vessels, storage 
containers, pipes and conduits, etc., as 
corrosion-inhibitors in various laboratory 
equipment, viz., furniture and fittings, 
apparatus for handling alkalis and 
acids, for the protective treatment of 
many parts of the precision instruments, 
panels and partitions, and the like. 
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Vinyl chloride resinoid™* + of special” 
value to the aircraft ind” 
ability to retain the res 
den and drastic fluctua _ 
ture, in addition to the era} rhemiji 
and physical stability_-are the advan 
tages for the production of aeropla e 
structural components; and accessories) 
For the preparation «f adhesives, la 
quers, film-forming, ¢ .ating and impre ” 
nating agents, also ot-r compositions fi” 
impregnation of textiles used for gas cells 
and* balloons, for the manufacture of 
waterproof, oil- and light-resistant odour- 
less fabrics used for pilots’ cloth, rain 
and weather coats, tarpaulins, leather | 
substitutes and other purposes, they are 
equally important. 

Furthermore, polyvinyl chlorides fur- 
nish excellent membrane-forming pro- 
ducts through  surface-coating of 
impregnation for a variety of uses, as, for 
example, for sealing operations in the 
food industry in the form of wrapping 
film and foil materials that are strong, 
transparent, impervious to moisture, 
odourless and tasteless, for the making of 
hospital sheeting material for the medical’ 
and pharmaceutical requirements, etc. 

From a few basic examples referred to 
above, it is apparent that, by virtue of 
their meritorious properties, polyvinyl 
chlorides form a very attractive source of 
plastics for the future, whose range of 
applications is bound to encompass new 
domains, such as engineering, architec4 
ture and many others. 

The use of these resins will certainly 
be of extraordinary value in building 
construction, when the advantages of the? 
impregnation processes for their convert 
sion into suitable compositions are fully 
realized in industry. 


(To be continued) 
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